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VoL  XVIL  FEBRUARY,  J900.  No*  U 

ESTHETICS  AND  THE  AMERICAN  ENGINEER. 

ANNUAL  ADDRESS  BY  THE  RETIRING  PRESIDENT, 

FRANCIS  SCHUMANN. 

Read  January  SO,  1900. 

Nature  in  all  her  works  is  beautified  usefulness ;  it  is  through  the 
study  of  nature  that  we  acquire  a  knowledge  of  the  esthetics  of  the 
useful,  the  science  of  the  beautiful,  or  perfect  union  of  spirit  and 
matter.  When  we  grasp  fitness,  the  effect  is  agreeable  to  our  senses 
and  causes  artistic  pleasure.  When  we  create  something  which  is 
well  done,  with  the  appearance  of  ease,  free  from  restraint  or  diffi- 
culty, our  senses  are  gratified  in  a  measure  beyond  that  which  comes 
from  the  satisfaction  due  to  the  end  attained. 

Esthetic  treatment  of  a  work  is  dependent  upon  the  sense  of  unity 
in  multitude,  harmony  of  parts,  form,  environment,  purity  of  embel- 
lishment, and  fitness. 

The  normal  for  the  beautiful  in  the  formative  arts  is  largely  tradi- 
tional, being  the  classic  creations  of  the  ancients  supplemented  by 
those  of  the  middle  ages. 

Certain  fundamental   principles  and   rules  exist  which  are  well 
understood  and  readily  acquired  by  study  and  observation.     One  of 
the  most  rigid  of  these  principles  is  the  avoidance  of  sham.     Truth- 
fulness is  the  very  foundation  of  esthetics. 
1  1 
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We  acquire  a  knowledge  of  proportion  and  harmony  by  the  study 
of  existing  acknowledged  works  of  art,  well-established  and  accepted 
grammars  of  ornaments,  a  trained  eye  and  hand,  and  the  cultivation 
of  the  sense  of  fitness,  processes  identical  with  those  pursued  by  the 
student  of  formative  art. 

The  idea  of  the  beautiful  is  the  result  of  pure  abstract  reflection, 
its  realization  increases  in  proportion  to  the  culture  of  the  race  or 
individual,  and  its  finite  realization  is  art. 

The  creations  of  the  engineer  are  primarily  useful.  He  studies 
and  applies  the  science  of  force  and  matter  in  the  practice  of  a  useful 
art,  one  that  has  become  most  potent  in  the  development  and  progress 
of  nations.  His  productions,  like  those  of  the  architect,  are  often 
monumental,  enduring  for  ages,  and  thus  become  standards  of  the 
civilization  of  the  people  creating  them ;  they  are  not  only  the  results 
of  the  exact  sciences,  but,  again,  like  those  of  the  architect,  are  emi- 
nently susceptible  of  artistic  treatment,  and  when  so  treated,  reach  the 
highest  standard  that  the  mind  is  capable  of  imparting  to  a  human 
creation. 

A  rapidly  developing  continent,  vast  portions  of  which  have 
changed  from  a  comparatively  wild  to  a  highly  civilized  state  within 
a  generation ;  a  country  which  rose  from  a  colonial  to  a  commercial 
and  industrial  power  within  a  century,  produced  the  American  engi- 
neer of  to-day.  Judged  by  the  usefulness  and  magnitude  of  his 
works,  he  is  justly  entitled  to  the  high  rank  accorded  him.  He  has 
fairly  excelled  his  foreign  compeers  in  invention,  adaptability,  and  in 
rapidity  of  execution.  No  matter  how  intricate  a  problem  or  great 
the  obstacle  and  gigantic  the  undertaking,  he  has  never  failed  to 
master  it.  Usefulness  of  his  production  was  the  first  demand,  utility 
was  his  principal  aim ;  to  this  he  applied  all  his  knowledge.  But  a 
period  has  now  been  reached  when  his  productions  must  attain  a 
higher  standard. 

The  universal  admiration  excited  by  the  grandeur  and  beauty  of 
the  buildings  of  the  World's  Columbian  Exposition  at  Chicago  was  a 
just  tribute  to  the  architects  who  created  them.  The  refinement  and 
taste  exhibited  were  revelations  to  the  world,  made  conspicuous  by 
comparison  with  the  state  of  the  art  in  this  country  but  a  few  decades 
past.  The  most  lasting  impression  upon  the  visitor  was  the  first 
vision  of  these  splendors  of  architecture.     The  American  architects 
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had  proved  themselves  the  equals  of  those  of  any  nation,  and 
their  countrymen  showed  their  sense  of  the  beautiful  by  their  gen- 
eral hearty  expression  of  gratification  and  approval.  It  was  made 
apparent  that  this  nation  can  create  and  can  also  appreciate  the  highest 
standards  of  the  refined  and  beautiful.  A  nation  that  has  reached 
such  a  state  of  civilization  as  was  expressed  by  the  architecture  of  the 
Exposition  buildings  is  surely  ripe  for  the  artistic  in  the  work  of  the 
engineer.  His  work  is  often  of  a  character  requiring  a  sense  of  the 
aesthetic  to  an  equal  degree  with  that  of  the  architect.  There  is  no 
reason  why  one  whose  business  it  is  to  understand  and  apply  mathe- 
matics, statics,  and  dynamics,  should  be  ignorant  of  the  artistic  and 
the  beautiful  any  more  than  the  architect  who  pursues  an  almost 
parallel  course.  Both  Vitruvius  and  Palladio  were  engineers  as  well 
as  architects  of  renown. 

There  is  a  tendency  on  the  part  of  our  engineers  to  neglect  the 
artistic.  Utility  and  economy  continue  to  be  their  principal  aims. 
Attempts  at  embellishment  have  been  conventional  and  commonplace, 
individuality  is  lost,  and  their  work  attracts  brief  attention  by  bigness 
only.  These  tendencies  have  been  such  as  to  lead  the  engineer  to 
almost  ignore  the  consideration  of  the  beautiful  in  connection  with 
his  productions.  It  may  be  that  our  engineering  schools  are  respon- 
sible for  these  conditions.  It  has  been  noted  that  capable  men,  gradu- 
ates of  our  leading  institutions,  high  in  their  classes,  have  shown  a 
deplorable  lack  of  skill  in  free-hand  drawing,  have  had  but  slight 
knowledge  of  the  order  and  styles  of  architecture,  and  actually  none 
respecting  ornament  and  its  grammar — all  the  very  essentials  of  the 
foundation  of  the  science  of  beauty,  applicable  to  structures  within 
the  scope  of  the  engineer. 

It  has  been  argued  that  because  of  the  tendency  of  the  times  to 
narrow  the  lines  by  confining  the  engineer  to  a  specialty,  he  is  com- 
pelled to  eliminate  all  branches  not  coming  within  the  scope  of 
what  he  practises;  and  no  doubt  this  reasoning  has  influenced  him  to 
limit  his  efforts  to  a  single  division  of  the  science,  more  than  is  war- 
ranted and  desirable.  Hence,  the  error  of  the  false  assumption  that 
esthetics,  or  the  science  of  the  beautiful,  as  applied  to  his  work,  is  a 
separate  branch ;  therefore,  to  be  ignored.  In  point  of  fact,  it  forms 
an  important  adjunct  to  every  department  of  engineering  if  practised 
in  its  highest  realization. 
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It  has  been  suggested  that  an  engineer  can  engage  an  architect  to 
deal  with  the  artistic  portion  of  his  work,  and  thus  avoid  being  bur- 
dened with  anything  but  the  mere  utilitarian  part.  This  can  never 
result  in  anything  but  failure,  unless  the  architect  be  a  good  enough 
engineer  to  guide  the  engineer  during  the  first  stages  of  designing. 
Artistic  effect  must  be  considered  in  the  very  incipiency  of  the  design. 
If  it  is  then  disregarded,  no  subsequent  attempts  at  embellishment 
will  avail,  no  matter  how  skilful  the  decorator  or  architect. 

In  England,  France,  Germany,  and  other  European  countries  any 
public  work  of  the  engineer  is  subject  to  and  controlled  by  a  rigid 
criticism  regarding  its  artistic  merit.  His  creation  must  be  not  only 
truthful  and  good,  but  also  beautiful  in  a  degree  consistent  with  its 
purpose  and  environment.  An  esthetic  training  is  especially  desirable 
in  those  having  charge  of  municipal  and  public  works,  so  vital  in 
giving  character  to  a  city.  There  is  opportunity  for  vast  improve- 
ment in  this  direction  in  our  country.  Grievous  faults  and  miscon- 
ceptions in  design  are  often  met  with ;  badly  designed  bridge  piers, 
tunnel  heads,  retaining  walls,  tawdry  balustrades  surmounting  coarsely 
profiled  parapets,  made  of  cast  iron  or  zinc  and  painted  to  imitate 
stone,  a  jumbling  together  of  different  orders  and  styles  of  archi- 
tecture, interspersed  with  coarse  and  cheap-looking  lamps  and  lanterns 
are  some  of  the  consequences.  Beautiful  landscapes  are  marred  by 
deep  and  ugly  plate  girders  spanning  public  drives;  immense  and 
clumsy  telegraph  poles  follow  the  lines  of  perspective  for  miles,  ob- 
structing the  view  and  giving  an  impression  of  rawness  to  all  that 
lies  adjacent;  of  such  a  nature  are  some  of  the  blemishes  to  be  found 
in  most  of  our  cities. 

The  engineer  is  often  required  to  design  structures  in  which  the 
artistic,  or  rather  esthetic,  treatment,  by  reason  of  environment  and 
other  conditions,  is  of  the  first  importance;  economy  in  first  cost, 
form,  and  nature  of  material  all  being  subordinate  to  this  primary 
demand.  A  knowledge  of  esthetics  will  guide  him  in  determining 
the  most  suitable  form  of  structure  consistent  with  the  controlling  in- 
fluence of  purpose  and  environment.  If  he  builds  a  bridge,  this 
knowledge  determines  whether  it  shall  be  of  stone  or  of  iron,  or  both  ; 
whether  the  principal  lines  be  horizontal,  vertical,  or  curved ;  whether 
massive  or  slight  in  appearance  ;  whether  simple  or  enriched,  severe 
or  florid  in  character.     For  parts  susceptible  of  architectural  treat- 
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ment  the  proper  style  of  architecture  must  be  determined  and  its 
purity  maintained ;  likewise,  the  proper  treatment  of  embellishment 
in  the  form  of  ornamentation  and  sculpture  must  be  considered. 

Modern  engineering  structures  offer  many  difficult  problems  yet  to 
be  solved ;  such  is  the  artistic  treatment  of  purely  metallic  structures. 
These  were  unknown  to  the  classic  period  of  art,  and  we  are  thus  left 
without  any  standard  of  beauty  regarding  them.  This  must,  there- 
fore, be  evolved  by  the  engineer  of  our  time. 

We  have  entered  upon  a  new  era.  Our  people,  grown  wealthy,  are 
enabled  to  gratify  their  desires  for  all  that  is  coexistent  with  a  higher 
civilization.  Their  artistic  sense  has  been  elevated  by  the  works  of 
the  architects  and  decorators,  not  to  mention  the  fine  arts,  their  influ- 
ence not  being  so  general.  A  desire  for  the  beautiful  is  awakening, 
and  the  successful  engineer  of  the  future  will  be  he  who  attains  the 
highest  realization  in  his  work :  beautified  usefulness. 
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SOME  NOTES  ON  THE  MOTORMAN  AS  AN  ELEMENT  IN  STREET 
RAILWAY  ECONOMY. 

CHARLES   HEWITT. 

Read  December  t,  1899. 

For  several  years  past  articles  have  appeared  in  the  technical  press 
claiming  that  the  motorman  is  very  inefficient  as  a  machine,  and 
various  devices  for  overcoming  this  inefficiency  have  been  advocated. 
Prominent  among  these  are  car  circuit-breakers,  which  are  set  to 
open  automatically  at  a  predetermined  | load ;  recording  watt-meters, 
and  the  Cravath  recorder.  The  last,  invented  by  Cravath,  of 
Chicago,  consists  of  a  long  flat  strip  of  fusible  metal,  resting  on 
which  is  a  wire  that  carries  the  current  used  by  the  car.  By  a  certain 
current  the  wire  is  heated  sufficiently  to  melt  the  fusible  metal,  and 
will  continue  to  melt  its  way  into  the  soft  metal  as  long  as  an  excess 
of  current  is  used.  The  depth  of  the  slot  is  an  indication  of  the 
motorman's  extravagant  use  of  power.  Other  devices  have  been 
invented  intending  to  offset  the  lack  of  judgment  on  the  part  of  the 
motorman,  and  prevent  him  from  using  more  current  than  the  cir- 
cumstances warrant. 

Being  somewhat  interested  in  the  matter,  and  being  unable  to  find 
in  any  of  the  publications  exact  data  as  to  what  the  difference  in 
raotormen  amounted  to  so  far  as  the  power  used  was  concerned,  I 
undertook  some  tests  with  this  object  in  view.  Many  data  have  been 
published  of  reported  tests  of  car-motors  in  operation,  but  I  think  I 
can  show  that  most  of  such  tests  are  tests  of  the  motormen  rather 
than  of  the  motors.  In  order  to  get  at  the  facts  in  the  case,  a  regular 
eighteen-foot  car  was  equipped  with  a  Thomson  recording  watt-meter. 
This  instrument  had  been  made  by  the  General  Electric  Company  for 
car-service.  It  was  tested  before  using  and  found  correct.  The  car 
was  equipped  with  two  G.  E.  800  motors,  with  four-turn  armatures. 
It  was  put  in  regular  service  and  passed  from  one  motorman  to 
another  in  the  regular  course  of  operation.     No  instruction  was  given 
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to  the  motormen, — in  fact,  care  was  taken  to  keep  from  them  a  knowl- 
edge of  the  object  of  the  instrument.  Records  were  taken  at  the 
end  of  each  trip:  number  of  passengers,  condition  of  rail,  and  other 
necessary  data.  The  experiments  were  continued  on  the  Chestnut  Hill 
line  for  one  week,  and  included  ten  different  motormen. 

An  eighteen-foot  car  on  the  Tenth  and  Eleventh  Street  line  was 
next  equipped  with  the  same  watt-meter.  This  car  was  operated  by 
two  G.  E.  800  motors  with  three-turn  armatures.  Records  were  kept 
on  this  branch  for  one  week, and  included  twelve  motormen.  Atrial 
was  then  made  on  an  eighteen-foot  car  on  the  Market  Street  branch, 
and  record  kept  for  one  week,  including  eleven  motormen.  This  car 
was  equipped  with  two  Westinghouse  motors. 

Now,  it  seems  fair  to  assume  that  with  the  same  car,  same  motors, 
same  track,  in  fact,  with  all  conditions  the  same,  the  watt-hours  used 
per  car-mile  will  show  the  relative  economy  of  the  different  men. 

The  following  observations  are  deduced  from  the  records: 

First.  As  a  rule,  the  record  for  any  onej  man  is  fairly  uniform. 
This  is  best  shown  by  the  Tenth  andj  Eleventh  and  Market  Street 
tests,  as  these  cover  more  trips  per  man. 

Second.  A  man  who  is  economic  at  one  time  is  nearly  always 
economic.  Motorman  4430,  Chestnut  Hill  branch,  showed  an 
average  of  1020  watt-hours  per  mile  on  November  2d,  and  on  Novem- 
ber 6th  he  showed  an  average  of  936  watt-hours.  Motorman  136  on 
Market  Street,  November  21st,  showed  an  average  of  1241,  and  on 
November  26th  he  showed  an  average  of  1202.  On  the  other  hand, 
circumstances  may  cause  a  man  to  vary.  Motorman  4514  showed 
an  average  of  828  on  November  6th, ?and  1110  on  November  7th. 
I  believe,  however,  that  such  cases  are  the^exception  rather  than  the 
rule. 

Third.  The  difference  between  the  men  is  due  almost  entirely  to 
the  manner  in  which  they  handle  the  controller,  and  but  very  little 
to  number  of  passengers  or  condition  of  rail.  Compare  motorman 
4356,  Chestnut  Hill  branch,  with  motorman  4430.  With  almost  as 
many  passengers  per  trip  and  with  a  poorer  rail  the  latter  used  23 
per  cent,  less  power.  Also  compare  motorman  3770,  on  Tenth  and 
Eleventh  Street,  with  motorman  3858.  With  an  equal  number  of 
passengers  per  trip  the  former  used  31  per  cent,  less  power. 

Fourth.  In  order   to  show   what   could   be   accomplished   under 
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S|>ecial  instructions,  motorman  3910  made  four  trips  on  November 
11th,  and  showed  an  average  of  964  watt-hours,  or  20  per  cent,  less 
than  on  the  previous  day,  running  in  the  ordinary  way ;  good  rail 
both  days.  He  had  no  trouble  in  keeping  to  schedule,  and  carried 
almost  as  many  passengers. 

Fifth.  In  order  to  show  more  clearly  the  difference  in  the  amount 
of  power  used  per  car-mile,  I  have  prepared  the  two  following  tables. 
The  first  i9  arranged  according  to  average  power  used  per  trip  irre- 
spective of  motormen,  and  the  second  according  to  the  average  power 
per  man  irrespective  of  trips : 

AVERAGE  WATT-HOURS  PER  CAR-MILE  PER  TRIP. 

Chestnut  Hill.  Tenth  and  Eleventh  Market  Street. 

Streets. 

700  948  \  867  1164 

878  957  f  Underspecial  867  1164 

941  966  f  instructions.  880  1164 

957  985  J  892  1164 

970  1003  1375  904  1164 

990  1068  1384  917  1177 

990  1115  1384  917  1177 

999  1115  1384  917  1202 

1037  1133  1412  966  1202 

1040  1143  1412  991  1214 

1062  1190  1412  991  1226 

1071  1226  1440  991  1239 

1076  1254  1459  1003  1239 

1087  1264  1459  1016  1239 

1095  1273  1496  1053  1239 

1100  1291  1496  1078  1251 

1125  1291  1514  1078  1251 

1160  1301  1598  1115  1251 

1170  1329  1598  1115  1263 

1170  1338  1645  1115  1263 

1187  1356  1645  1115  1263 

1198  1375  1654  1127  1273 

1206  1127  1276 

1225  1127  1276 

1280  1140  1313 

1140  1326 

Average  per  trip  : 

Chestnut  Hill  line, 1068 

Tenth  and  Eleventh  Street  line, 1317 

Market  Street  line, 1124 

Excess  of  maximum  over  average  in  per  cent,  of  maximum  : 

Chestnut  Hill  line, 16.5 

Tenth  and  Eleventh  Street  line, 20.3 

Market  Street  line, 15.2 
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WATT-HOURS  PER  CAR-MILE  PER  MOTORMAN. 


Chestnut  Hill. 

1 
Tknth  and  Eleventh  Street,  i 

i 

Market  Street. 

Average 

Average 

Average 

Motorman. 

Watt-hours 

Motorman. 

Watt-hours  . 

Motorman. 

Watt-hours 

per  Car-raile. 

per  Car-mile. 

per  Car-mile. 

4514  1st  trial 

828 

*3190 

964 

222 

896 

4430  2d    " 

936 

3770  1st  trial 

1099 

186 

985 

4430  1st  " 

1020 

3910 

1205        1 

16 

1023 

4446 

1033 

3770  2d     " 

1235        1 

19 

1031 

41 

1049 

3926 

1285        i 

20 

1096 

4378 

1062 

3860 

1291        ! 

24 

1164 

4338 

1105 

3912 

1301        | 

18 

1172 

4514  2d    u 

1110 

3896 

1374        I 

128 

1188 

4526 

1111 

4010 

1469 

136  1st  trial 

1202 

4384 

1184 

4042 

1438        ' 

136  2d     " 

1241 

4356 

1215 

4080 

1446 

76 

1260 

4436 

1233 

4088 
3858 

1568 
1579 

50 

1280 

*  Made  under  special  instructions. 

Excess  of  highest  over  lowest  in  per  cent,  of  lowest : 

Chestnut  Hill  line, 49  per  cent 

Tenth  and  Eleventh  Street  line,   .   .  63  per  cent. ,  nnder  special  instructions. 
Tenth  and  Eleventh  Street  line,  .   .  43  per  cent. ,  without  special  instructions. 
Market  Street  line, 43  per  cent. 

While  it  is  impossible  to  attain  the  ideal  saving  of  about  forty-five 
per  cent.,  as  shown  above,  I  believe  it  is  possible  to  reduce  the  maxi- 
mum as  shown  to  the  average  of  these  records,  or  secure  a  saving  of 
about  twenty  per  cent. 

The  general  average  watt-hours  per  car-mile  as  shown  by  these 
records  is  1163.  Allowing  for  loss  in  line  and  track,  the  output  of 
station  is  about  1300  watt-hours  per  car-mile.  On  this  basis  a  car 
will  consume  61,685  kilowatt-hours  in  a  year  of  three  hundred  and 
sixty-five  days.  Assuming  a  cost  of  1  \  cents  per  kilowatt-hour,  and 
a  probable  saving  of  twenty  per  cent.,  we  find  the  saving  amounts  to 
$185  per  car  per  year.  I  have  no  doubt  but  that  the  extra  care  in 
running  due  to  the  effort  to  save  power  would  also  reduce  materially 
the  number  of  accidents.  It  would  also  add  just  so  much  to  the 
reserve  power  in  the  station  and  transmission  lines. 
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DISCUSSION. 

A.  B.  Eddowes. — Was  any  account  taken  of  the  force  or  direction  of  the 
wind  :  that  is,  its  resistance  to  the  car  going  over  the  road  ?  Would  not  differ- 
ences in  that  regard  make  differences  in  the  percentages  ? 

Mr.  Hewitt. — No  account  was  kept  of  that,  nor  do  I  think  it  would  affect 
the  percentages. 

Edgar  Marburg. — Will  you  kindly  explain  in  detail  about  the  construction 
of  the  motor  to  save  power? 

Mr,  Hewitt. — You  mean,  I  presume,  for  the  special  trip  on  the  Tenth  and 
Eleventh  Street  line.  These  motors  were  wound  for  quick  acceleration,  and  had 
three  turns  on  the  armature  instead  of  four.  With  these  the  motorman  was  able 
to  make  his  schedule  without  using  the  multiple  positions.  In  other  words,  he 
ran  with  the  motor  in  series  all  the  time. 

Carl  Hering. — What  instructions  do  the  motormen  receive  as  to  the  proper 
manner  of  handling  the  controller  ? 

Mr.  Hewitt. — It  is  customary  on  most  roads  to  put  a  new  man  on  with  an 
experienced  motorman,  who  acts  as  a  tutor.  On  some  of  the  smaller  roads  new 
motormen  are  required  to  serve  an  apprenticeship  in  the  repair  shops.  In  New 
York,  I  believe,  a  school  for  motormen  has  been  established,  and  all  new  men 
are  given  thorough  instruction  in  all  that  pertains  to  the  car-machinery  before 
they  are  allowed  to  run  a  car. 

Mr.  Hering. — Was  the  number  of  stops  which  the  car  made  taken  into  con- 
sideration, and  would  not  that  affect  the  results? 

Mr.  Hewitt. — The  number  of  stops  was  [not  recorded.  I  do  not  thiuk  it 
would  vary  enough  to  affect  the'results  to  such  an  extent  as  the  figures  show. 

W.  Copeland  Furber. — If  I  understand  correctly,  the  figures  in  the  tables 
Mr.  Hewitt  has  shown  us  are  the  results  of  individual  trips  ;  and,  if  so,  I  should 
like  to  know  if  the  difference  between  the  maximum  and  minimum  might  not  be 
explained  by  "accidental  conditions  of  loading,"  such  as  a  foot-ball  game,  parade, 
or  some  public  gathering  at  a  local  point,  which  is  not  apparent  in  the  table,  and 
which,  therefore,  is — but  properly  should  not  be — included  in  making  up  the 
averages. 

Mr.  Hewitt. — Such  is  not  the  case.  The  records  are  taken  for  individual 
trips,  but  all  the  trips  for  any  one  day  are  consecutive.  During  the  time  these 
records  were  taken  there  were  no  unusual  conditions  of  travel,  and  I  have  shown 
that  the  number  of  passengers  seems  to  have  very  little  influence  on  the  power 
used. 

The  Chestnut  Hill  line  is  very  hilly  for  about  half  its  length,  while  the  other 
two  lines  are  quite  level.  The  reason  that  the  average  power  used  on  the  Tenth 
and  Eleventh  Street  line  is  greater  than  the  average  on  the  other  two  is  the  dif- 
ferent winding  of  the  motor  armature.  They  were  three-turn  armatures,  wound 
so  for  rapid  acceleration,  and  the  results  show  that  they  are  not  so  economical 
for  city  service  as  the  four-turn  armature. 

Mr.  Hering. — It  seems  to  me  that  if  so  great  a  saving  can  be  effected  by 
individual  motormen  in  the  handling  of  the  controller,  it  would  be  worth  the  ex- 
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pense  to  instruct  them  still  more  thoroughly  by  sending  an  expert  with  them  on 
some  of  the  trips  to  give  instruction  as  to  the  best  way  to  use  the  controller. 
While  riding  on  the  cars  I  have  often  noticed  that  the  motormen  seem  to  move 
the  handle  to  the  last  notches  altogether  too  quickly.  They  should  run  on  the 
first  notches  until  a  certain  speed  has  been  obtained,  and  then  go  on  to  the  other 
notches,  but  they  do  not  do  this. 
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THE  ELECTRIC  PROCESS  OF  ANNEALING  ARMOR-PLATE  IN 
THE  CONSTRUCTION  OF  WAR-SHIPS. 

CHARLES  J.  DOUGHERTY. 

Read  December  16,  1899. 

Considering  the  rapid  development  and  the  many  applications  of 
electricity  in  the  past  few  years  to  the  needs  and  requirements  of 
engineering  work,  few  people  realize  the  important  part  which  it  plays 
in  the  construction  of  the  latest  type  of  cruisers  and  battleships 
armored  with  harveyized  nickel-steel  or  Krupp-steel  plates.  A 
modern  battleship  is  nothing  more  or  less  than  a  floating  fortress,  its 
vitals,  the  machinery,  being  carefully  protected  from  the  enemy's  shells 
by  stout  and  almost  impregnable  steel  plates,  ranging  in  thickness  up 
to  16 J  inches.  The  new  type  of  armor-plate  specified  for  the  "  Ala- 
bama "  is  the  "  harveyized  nickel-steel  plate." 

For  those  not  conversant  with  the  "  Harvey  process/'  I  will 
briefly  state  that  it  is  the  introduction  of  carbon  by  cementation  into 
the  face  of  an  ordinary  low  carbon-steel  plate,  and  subsequently  it  is 
water-hardened  similar  to  an  ordinary  tool.  After  this  treatment  it 
presents  a  hard-faced  surface  to  the  depth  of  about  one  inch,  designed 
to  stop  and  break  up  projectiles  before  serious  penetration  takes 
place.  All  armor  plates  must  necessarily  be  secured  to  the  frame- 
work of  the  vessel  in  order  to  hold  them  rigidly.  The  plates  must 
be  drilled  and  tapped  for  this  purpose,  and  herein  lies  the  trouble. 
The  methods  heretofore  used  to  produce  isolated  spots  in  the  plates 
were  principally  two — (1)  to  protect  the  surface  of  the  plate  in  patches 
or  strips  to  prevent  carburation  wherever  holes  were  expected  to  be 
drilled ;  (2)  to  make  accurate  drawings  and  patterns  of  each  plate  be- 
forehand, to  which  all  holes  are  drilled  before  the  plate  is  hardened. 
This  plan  was  practised  by  the  United  States  Government  for  a  time, 
but  had  to  be  abandoned  because  it  was  found  that  numerous  altera- 
tions in  construction,  errors  in  the  drafting-room  or  mills,  made  it 
necessary  to  pierce  the  plate  where  no  provision  for  annealing  was 
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made.  It  was  also  found  feasible  to  drill  and  tap  holes  in  the  face  of 
the  armor-plate  at  any  stage  of  the  process  prior  to  hardening,  and 
without  detraction  from  the  plate's  resistance ;  but  it  is  not  always 
possible  to  locate  these  holes  with  precision  without  first  fitting  the 
plate  in  place  on  the  ship ;  this  was  a  very  expensive  method,  and 
was  abandoned  in  favor  of  one  by  which  the  carbon  was  prevented 
from  penetrating  over  certain  areas  in  the  wake  of  the  fastenings. 
This  method  also  bad  its  disadvantages,  in  that  the  carbon  gases  fre- 
quently seeped  through  the  protection  mentioned,  and  carbonized  the 
surface  beneath.  The  expedients  adopted  for  preventing  the  car- 
buration  could  not  always  be  relied  upon,  and  the  great  difficulty  en- 
countered was  to  pierce  the  surface,  drill,  and  tap  such  a  face-hardened 
plate.  The  first  experiments  which  were  made  to  anneal  these  face- 
hardened  plates  by  means  of  the  oxy hydrogen  flame  and  the  electric 
arc  were  not  successful,  and  the  plates  resisted  most  effectually  all 
attempts  to  anneal  the  spots  which  were  required  to  be  drilled.  Drills 
of  every  design  and  method  of  tempering  were  tried,  but  with  no 
success;  the  plates  could  not  be  drilled  by  any  of  the  above  means. 
If  the  plates  could  not  be  held  in  position  on  the  vessel,  this  meant 
serious  delay  in  construction.  The  question  of  being  able  to  anneal  the 
spots  required  was  becoming  a  serious  matter ;  but,  as  many  times 
before  in  other  work  of  difficult  character,  the  subtile  fluid  was  the 
only  agent  that  solved  the  problem,  so  also  in  the  case  of  taking  the 
temper  out  of  certain  spots  to  permit  the  drilling  of  holes  in  the  har- 
veyized  plates,  electricity  came  to  our  aid  on  the  eve  of  despair  and 
failure.  The  Thomson  Electric- Welding  Company  of  Lynn,  Mass., 
made  some  experiments  on  harveyized  plates,  and  very  soon  demon- 
strated their  ability  to  anneal  any  surface  however  hardened,  by  send- 
ing a  current  of  large  volume  through  any  spot  to  be  annealed,  and 
by  this  means  raising  the  temperature  of  the  spot  to  about  1000°  F. ; 
and  at  that  temperature  there  can  be  little  doubt  that  the  temper  has 
been  withdrawn.  This  is  the  process  that  I  wish  to  treat  in  this 
paper. 

The  apparatus  which  is  necessary  to  perform  the  work  of  annealing 
these  harveyized  plates  consists  of  a  separately  excited  alternating-cur- 
rent generator  of  variable  potential,  giving  a  maximum  of  300  volts 
and  a  current  of  100  amperes.  The  frequency  of  the  generator  is  fifty 
cycles  per  second  (Fig.  1) ;  the  fields  are  separately  excited  by  a  small 
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direct-current  exciter  of  110  volts  and  twenty  amperes,  made  by  the 
Thomson  Electric-Welding  Co.,  and  it  is  belted  to  the  generator  from 
a  pulley  on  the  commutator  end  of  the  shaft,  and  delivers  to  the  field 
of  the  generator  a  maximum  current  of  fifteen  amperes  at  full  load. 
A  German-silver  resistance-box  placed  close  at  hand  under  the  control 
of  the  operator  varies  the  current  in  the  generator-fields,  and  thus  in- 
creases or  decreases  the  alternating  electromotive  force  at  the  brushes 
of  the  generator. 


Fig.  1. — Generator. 

The  annealing  machine  proper  is  an  alternating-current  transformer 
similar  to  the  well-known  welding  transformers  used  in  welding  steel 
rails  (Fig.  2).  For  those  of  you  who  are  not  conversant  with  the  mean- 
ing of  the  word  "  transformer  "  in  an  electric  sense,  it  will  suffice  to  say 
that  an  alternating  transformer  may  be  regarded  as  a  species  of  dynamo, 
in  which  neither  armature  nor  field  magnets  revolve  as  in  an  ordinary 
dynamo,  but  in  which  the  magnetism  of  the  iron  circuit  is  made  to 
vary  through  rapidly  repeated  cycles  of  alterations,  by  separately  ex- 
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citing  it  with  an  alternating  current.  The  primary  coil  of  the  trans- 
former corresponds  to  the  field-magnet  coil  of  the  dynamo ;  while  the 
secondary  coil  of  the  transformer  may  be  called  the  armature-coil  of 
the  dynamo.     In   the  alternating-current  transformer,  by  whatever 


Fig.  2. — Annealing  Transformer. 


name  called,  the  function  of  the  iron  core  is  to  carry  the  magnetic  lines 
of  force  (that  are  created  by  the  current  in  the  primary  coil)  through 
the  convolutions  of  the  secondary  coil.     The  rate  at  which  the  mag- 
2 
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netic  lines  due  to  the  primary  current  are  cut  by  the  secondary  circuit 
is  the  measure  of  the  electromotive  force  given  to  the  secondary 
circuit. 

With  this  explanation  of  a  transformer  we  can  understand  better 
the  workings  of  this  annealing  machine.  The  transformer  is  of  the 
copper  clad  type  (Fig.  3) :  that  is,  one  in  which  the  secondary  is 
composed  of  two  copper  castings,  each  having  a  rectangular  groove ; 


Fig.  3. — Primary  and  Secondary  of  Transformer. 

when  bolted  together,  these  form  a  closed  rectangular  frame  in  which 
the  primary  coil  is  held.  The  hollow  space  intervening  between  the 
primary  and  secondary  is  filled  with  a  heavy  body  oil  called  "  transil 
oil."  This  oil  acts  both  as  an  insulator  and  a  conductor  of  heat  from 
primary  to  secondary.  The  secondary,  by  completely  surrounding  the 
primary,  affords  an  excellent  mechanical  protection,  and  prevents  elec- 
tric as  well  as  magnetic  leakage.     The  latter  features  are  quite  impor- 
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tant,  since  it  is  necessary  to  operate  the  annealer  on  board  vessels  in 
exposed  positions  daring  construction ;  yet  it  may  be  handled  with 
immunity  from  electric  shocks,  even  when  operated  in  rain  or  in  heavy 
snow.  The  primary  coil  of,  this  transformer  consists  of  a  copper  rib- 
bon, each  turn  of  the  coil  being  insulated  from  the  next  by  thin  asbes- 
tos paper.  The  ratio  of  conversion  is  100  to  1,  and  when  the  maxi- 
mum voltage  of  300  is  generated  at  the  brushes  of  the  generator,  we 
have  about  2.5  to  2.8  volts  at  the  terminals  of  the  secondary  of  the 
transformer.  The  transformer  has  two  trunions  fastened  to  its  sides 
in  a  line  a  little  above  the  center  of  gravity.  These  trunions  swing 
in  bearings — part  of  a  yoke  which  straddles  the  whole.  The  yoke  in 
its  turn  has  a  hook  which  may  be  secured  at  any  place  of  the  arch, 
thus  allowing  the  transformer  to  be  suspended,  like  a  compass  in  gim- 
bals, in  any  desired  position.  The  copper  castings  which  compose  the 
secondary  circuit  are  cut  through  at  one  place.  On  either  side  of  the 
cut  two  short  platforms  form  the  base  for  a  saddle  which  holds  the 
copper  contacts  of  various  shapes  and  sizes,  by  means  of  which  the 
current  is  made  to  enter  and  leave  the  plate  to  be  annealed.  These 
contacts  are  made  of  forged  copper  of  high  conductivity,  and  they  are 
hollowed  out  to  receive  a  water  circulation  to  keep  them  cool,  and  they 
terminate  in  a  narrow  tip  which  is  rounded  at  the  end  (Fig.  4). 
The  total  weight  of  the  annealing  transformer  is  about  1000  pounds, 
and  this  is  sufficient  to  insure  proper  contact  pressure  for  all  work  on 
horizontal  plates.  When  inclined  surfaces  are  to  be  worked  upon,  the 
machine  is  suspended  so  that  its  weight  shall  not  interfere  with  the 
contact  pressure,  which  is  then  obtained  by  bracing  the  contacts 
directly  with  wooden  wedges  against  any  object  near  by.  Perhaps  the 
most  remarkable  thing  in  the  operation  of  annealing  a  spot  is  the  great 
amount  of  current  that  is  carried  by  the  copper  contacts  into  the  plate. 
The  contact  surface  on  the  plate  is  seldom  more  than  about  half  an 
inch  square;  yet  10,000  amperes  are  made  to  flow  through  it  during 
the  process  of  annealing.  This  current  density  per  contact  area  is 
equivalent  to  40,000  amperes  per  square  inch,  a  density  which  is  only 
rendered  possible  through  the  thorough  cooling  of  the  copper  contacts 
by  a  continuous  water  circulation  through  them,  as  I  have  before 
mentioned. 

In  the  original  experiments  made  by  the  Thomson  Company  in 
annealing  plates,  one  feature  presented  itself  in  the  fact  that  in  taking 
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off  the  heating  current  when  the  spot  was  being  annealed  caused  the 
heat  to  be  so  rapidly  conducted  away  by  the  surrounding  mass  of 
metal  that  the  heated  spot  became  chilled,  just  as  if  it  had  been 
plunged  into  cold  water.  No  manner  of  outside  protection  of  the 
heated  spot  would  prevent  this  chilling  effect,  and  it  was  found  that 
only  a  gradual  and  slow  withdrawal  of  the  current  would  produce  the 
complete  effect  of  annealing.  The  current  must  be  brought  up  to  the 
maximum  value  and  then  gradually  cut  down. 


AJLLLk 


Fig.  4. — Copper  Electrodes. 


The  interesting  operation  of  annealing  a  plate  is  performed  in  the 
following  manner:  The  transformer  is  placed  in  position,  the  con- 
tacts touching  the  plate  on  either  side  of  the  spot  marked  for  anneal- 
ing. Then  the  primary  current  is  brought  up  by  means  of  the  rheo- 
stat, near  at  hand,  to  from  eighty-five  to  ninety-five  amperes  for  a 
period  of  from  four  to  five  minutes.     The  metal  between  the  two  con- 
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tact  places  soon  attains  a  dull  red  heat,  and  this  temperature  is  experi- 
mentally found  by  holding  a  small  pine  stick  in  contact  with  the  spot 
until  it  takes  fire.  This  is  the  maximum  temperature  desired  to 
anneal  the  spot  properly.  The  current  is  now  gradually  diminished 
by  turning  the  rheostat  handle  one  point  each  minute  until  all  the 
resistance  is  placed  in  circuit,  and  by  this  method  the  spot  is  gradu- 
ally cooled  and  the  chilling  of  the  plate  prevented.  To  illustrate  the 
method  of  introducing  the  annealing  current  into  the  plate,  I  shall 
refer  to  figure  5:  C  C  are  the  two  copper  electrodes;  the  current 
enters  the  plate  by  one  end  and  leaves  by  the  other,  as  shown  by  the 
arrows.  Right  under  the  contacts  the  metal  comes  to  a  bright  cherry 
heat,  shown  in  heavy  black  in  the  figure,  while  the  portion  interven- 
ing and  partly  surrounding  the  contacts  acquires  a  temperature  of 
just  visible  red.  Line  B  B  indicates  where  the  influence  of  the 
Harvey  process  stops.  The  shaded  portion  in  the  figure  shows  the 
zone  softened  and  ready  to  be  drilled,  while  the  dotted  line  shows  how 
far  the  heat  radiation  would  cause  the  metal  to  turn  blue. 

The  operation  of  running  a  heat  after  the  machine  is  set  up  takes 
in  the  neighborhood  of  from  fifteen  to  twenty  minutes,  all  depending 
on  the  size  of  the  spot  to  be  annealed.  On  examining  the  spot  after 
the  aunealing  process  is  finished,  it  is  found  to  be  a  dull  chocolate 
color,  the  place  where  the  contacts  have  been  resting  is  scaled  and 
hard,  and  can  not  be  touched  by  a  tool  to  the  depth  of  a  quarter  of  an 
inch. 

In  the  construction  of  a  modern  man-of-war  there  are  many  armor- 
plates  which  act  as  shields  to  the  guns.  Some  of  them  are  circular, 
others  oval.  The  only  method  possible  to  perforate  these  shields  was 
after  car bu ration  and  before  being  water-hardened,  up  to  the  dis- 
covery of  the  electric  annealing  process  above  described  ;  but  to-day, 
what  a  change!  These  plates  are  cut  in  various  shapes  to  suit  the 
work  by  simply  annealing  a  number  of  spots  forming  the  shape  of 
the  hole  to  be  cut,  and  fiually  running  a  cutting  tool  over  the  surface 
thus  annealed. 

It  sometimes  happens  in  the  construction  of  war  vessels  that  the 
armor-plates  have  been  made  up  too  long  to  fit  in  their  respective 
places,  and  they  must  have  a  certain  length  cut  off"  after  their  delivery 
at  the  shipyard ;  this  occurred  several  times  on  plates  for  the  U.  S.  S. 
"Iowa." 
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Fig.  5. — Method  op  Introducing  thk  Cirhknt  into  the  Plate. 
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When  such  cases  occur,  there  are  two  methods  of  annealing  the 
plate:  First,  to  lay  off  on  the  plate  a  line  of  holes  side  by  side 
directly  across  the  edge  which  is  to  be  cut  off,  in  the  same  manner  as 
anuealing  spots  for  ordinary  drilling — a  slow  process,  indeed,  since 
the  annealer  must  be  set  for  each  individual  hole.  Second,  to  gradu- 
ally move  the  transformer  along  the  line  to  be  annealed,  the  plate 
remaining  stationary. 

It  has  already  been  mentioned  that  it  is  absolutely  necessary  that 
the  temperature  of  any  individual  spot  should  be  gradually  and 
slowly  reduced  in  order  to  prevent  any  chilling.  The  effect  of  grad- 
ually withdrawing  the  heat  from  one  spot  to  any  other  is  accomplished 
in  the  second  method,  by  moving  the  transformer  itself,  relatively  to 
the  plate  to  be  treated,  the  rate  of  this  movement,  of  course,  depending 
upon  the  rate  at  which  the  temperature  is  to  fall  in  any  particular  spot 
to  prevent  chilling.  The  transformer  is  arranged  to  be  moved  along 
a  line  to  be  annealed,  the  motion  being  obtained  by  an  ordinary  screw 
with  a  handle,  the  handle  being  turned  at  a  predetermined  rate  con- 
trolled by  a  watch,  and  it  was  found  that  the  correct  speed  was  about  a 
quarter  of  an  inch  per  minute  to  insure  positive  and  thorough  anneal- 
ing. Thus  the  work  can  be  performed  in  a  short  length  of  time 
compared  to  the  usual  method  of  setting  the  machine  for  individual 
heats.  The  copper  contacts  used  can  be  of  the  simplest  kind  ;  they 
bed  themselves  into  the  surface  of  the  plate,  and  when  dragged  along 
by  the  screw,  raise  in  front  of  themselves  a  chip  similar  to  that  pro- 
duced by  a  planiug  tool,  and  even  after  a  day's  continuous  moving 
are  found  to  be  intact. 

In  cases  when  the  transformer  is  moved  relatively  to  the  plate  to  be 
treated,  as  in  the  method  just  described,  it  is  a  rather  startling  thing 
to  find  a  number  of  steel  chips  lying  around  which  have  been  cut 
from  the  plate  by  the  copper  contacts ;  thus  developing  the  peculiar 
phenomenon  of  a  hard  steel  chip  cut  by  a  soft  copper  tool. 

Besides  annealing  holes  in  armor-plate,  the  transformer  may  be  used 
for  the  reversal  of  the  annealing  process — namely,  for  creating  isolated 
hard  spots  in  soft  tool  steel  by  sending  a  current  through  the  spot  to 
be  hardened  until  it  reaches  a  bright  cherry  heat,  and  then  suddenly 
removing  the  current  from  the  machine. 

For  aunealing  plates  for  the  U.  S.  S.  "  Alabama,"  two  complete 
anuealing  plants  have  been  at  work  continuously  night  and  day,  Sun- 
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days  included,  for  a  period  of  over  six  months,  and  upward  of  about 
3000  holes  have  been  treated. 

We  have  had  no  difficulty  in  annealing  the  harveyized  plates  of  the 
"  Alabama,"  but  in  this  age  of  advancement  something  new  is  con- 
stantly being  invented  ;  yesterday  it  was  harveyized  nickel-steel,  and 
to-day  Krupp's  armor  plates  are  considered  superior  to  the  Harvey  or 
Corey  plates.  Krupp  armor  is  now  being  placed  upon  all  the  newer 
vessels  of  our  own  and  foreign  navies. 

The  Krupp  gas-process,  as  it  is  called,  is  a  secret,  and  the  rights  of 
manufacture  for  this  country  have  been  purchased  by  the  Carnegie 
Company,  of  Pittsburg. 

The  supreme  value  of  the  Krupp  armor  consists  in  the  fact  that 
these  plates  enable  the  total  weight  of  armor  with  which  a  ship  is 
clothed  to  be  greatly  reduced,  and  the  weight  so  saved  may  be  appro- 
priated to  a  more  powerful  armament,  or  engines  and  boilers  of  greater 
horse-power.  Krupp  armor  shows  remarkable  toughness  combined 
with  all  the  hardness  of  the  best  face-hardened  armor;  and,  unlike 
armor  manufactured  by  other  well-known  processes,  the  Krupp  pro- 
duct maintains  these  qualities  in  the  very  thickest  armor.  The  thick- 
ness of  the  hardness  of  Krupp's  process  is  about  1.7  to  2  inches, 
while  the  harveyized  process  goes  in  about  one  inch.  The  new  bat- 
tleship "Maine"  will  have  Krupp  armor;  the  Russian  battleship 
and  cruiser  now  building  at  our  shipyard  will  also  be  protected 
with  it. 

Since  the  Krupp  process  penetrates  into  the  surface  of  the  plate 
about  two  inches,  we  naturally  imagined  that  it  would  require  a 
greater  length  of  time  to  anneal  the  spots,  and  after  a  little  experi- 
menting on  a  sample  of  this  armor  we  were  delightfully  surprised 
to  find  that  the  time  required  to  anneal  a  hole  thoroughly  was  only  a 
trifle  longer  than  that  for  the  harveyized  steel  plate. 


DISCUSSION. 

The  President. — In  annealing  a  portion  of  the  plate,  are  there  any  stresses 
produced  ?    Is  the  operation  injurious  to  the  plates  ? 

Mr,  Dougherty. — I  hardly  think  that  the  operation  produces  any  stress  in  the 
plates,  as  the  action  is  so  local.  In  regard  to  whether  the  plates  are  injured  by 
the  operation,  no  tests  to  my  knowledge  have  ever  been  made  to  ascertain  this. 

W.  C.  L.  Eglin. — I  note  the  remarkable  statement  that  40,000  amperes  are 
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transmitted  through  a  section  of  copper  conductor,  and  I  wish  to  ask  Mr. 
Dougherty  what  is  the  size  of  the  electrodes  and  whether  they  show  a  high  rise 
of  temperature  with  this  large  amount  of  current  passing  through  them. 

Mr.  Dougherty. — The  electrodes  are  made  of  a  solid  bar  of  copper,  4}  inches 
square,  and  are  bored  out  for  a  circulation  of  water  through  them  ;  this  circulation 
has  a  tendency  to  keep  the  copper  contacts  cool,  and  we  experience  no  trouble 
from  heat  when  handling  this  large  volume  of  current. 

Mr.  Eg lin. — When  the  annealer  is  moved  from  spot  to  spot,  are  the  copper 
contacts  much  burred  and  worn  away  ? 

Mr.  Dougherty. — It  is  necessary  from  time  to  time  to  dress  up  the  copper 
contacts  where  they  have  been  burred  from  constant  work,  but  we  experience 
little  trouble  from  this. 

The  President. — I  understand  that  the  machine  requires  300  volts  alternating 
current ;  do  you  not  consider  this  dangerous  ? 

Mr.  Dougherty. — The  primary  circuit  of  the  annealer  has  300  volts,  but  the 
secondary  circuit  which  passes  through  the  electrodes  has  a  maximum  of  about 
2.8  volts ;  consequently,  the  low  pressure  in  the  secondary  avoids  any  danger  from 
shocks. 

E.  F.  Miller. — How  near  to  the  end  of  the  electrodes  does  the  water-circula- 
tion come  ? 

Mr.  Dougherty. — I  think  about  three  inches  from  the  end.  Each  electrode 
is  drilled  with  two  holes,  the  water  comes  in  through  one  and  passes  down  through 
the  electrode  and  out  through  the  other  hole,  thus  allowing  ample  surface  for 
cooling. 

Carl  Hering. — It  seems  to  me  to  be  a  rather  awkward  way  to  vary  the  sec- 
ondary current  by  adjusting  the  current  in  the  fields  of  the  generator  ;  I  would 
like  to  ask  if  a  choking  coil  could  not  be  used  in  the  primary  circuit  of  the  trans- 
former. This  would  do  away  with  two  wires  and  also  permit  of  two  or  more 
transformers  to  be  supplied  from  a  single  generator,  provided,  of  course,  that  it 
is  of  sufficient  capacity.  I  would  also  like  to  ask  whether  any  estimates  have 
ever  been  made  as  to  the  cost  of  annealing  a  hole. 

Mr.  Dougherty. — It  is  perfectly  practicable  to  use  a  choking  coil  or  reactive 
coil  when  two  or  more  annealers  are  supplied  from  the  same  generator,  and  it  has 
been  done.  The  reason  for  our  not  using  this  method  is  because  we  had  orig- 
inally one  annealer,  but  our  work  has  so  much  increased  that  it  has  become  neces- 
sary to  use  two  annealing  machines,  and  jf  the  work  warrants  it,  we  shall  adopt 
this  method  of  using  choking  coils.  No  estimate  of  cost  per  hole  has  ever  been 
made  up. 

The  President. — Is  much  care  required  in  making  contact  on  the  plate  with 
the  electrodes  ? 

Mr.  Dougherty. — We  experience  some  difficulty,  at  times,  in  penetrating 
through  the  oxid  on  the  surface  of  the  plate,  and  we  can  not  get  a  heat  sometimes 
until  this  oxid  has  been  burned  away  by  the  current.  Ordinarily,  we  have  little 
trouble  in  getting  up  the  heat  on  the  machine. 
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PHILADELPHIA:  WHAT  ARE  ITS  NEEDS? 

A  Discussion,  Held  October  21,  1899. 
INTRODUCTORY. 

H.   V.   B.   OSBOURN. 

The  subject,  as  set  forth,  is  a  broad  one,  comprehending  many 
departments  of  engineering,  admitting  of  discussion  along  widely 
divergent  lines.  It  will  be  my  object  to  indicate  the  phases  that 
may  be  discussed,  rather  than  attempt  the  particularization  of  any 
one  topic.  The  following  remarks  are,  therefore,  of  an  introductory 
nature. 

The  need  of  a  better  water-supply  for  Philadelphia  is  obvious,  and 
if  anything  of  value  can  be  said  at  this  time,  after  the  discussions  of 
the  last  few  years,  it  will  be  welcome.  It  seems,  however,  that  "  now 
is  the  accepted  time"  to  act  rather  than  to  talk,  for  with  the  preseut 
promising  conditions,  the  energetic  course  being  pursued  by  the 
Mayor  needs  but  the  hearty  support  of  the  people  in  November  to 
secure  an  abundant  supply  of  first-class  water. 

Therefore,  passing  over  the  greatest  necessity  of  Philadelphia,  let 
us  turn  our  attention  to  the  harbor.  Excellent  work  has  already  been 
done  in  the  widening  of  Delaware  Avenue,  the  extension  of  the 
wharves,  and  deepening  of  the  channel  of  the  river,  but  the  last  is  con- 
fined mainly  to  the  river  opposite  the  central  part  of  the  city,  leaving 
an  insufficient  depth  of  water  over  the  various  shoals  in  the  long 
reaches  down  toward  the  bay.  Too  much  emphasis  can  not  be  laid 
upon  the  necessity  of  a  deep  thoroughfare  to  the  sea.  Wharf-owners 
now  have  the  evidence  before  them  of  the  benefit  of  broad,  long 
piers,  and  should  see  to  it  that  in  this  respect  Philadelphia  does  not 
fall  behind  its  large  sister  cities.  Knowing,  as  we  do,  that  there  lias 
been  a  satisfactory  solution  found  to  this  great  problem,  we  can  look 
forward  with  a  greater  degree  of  certainty  to  the  increase  of  the  com- 
mercial importance  of  our  city. 

Another  river  is  identified  with  Philadelphia — the  Schuylkill — 
that  deserves  attention  in  this  connection;  not  that  it  is  presumable  that 
it  will  ever  be  developed  to  so  great  an  extent,  commercially,  as  the 
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Delaware,  in  fact.  I  have  reference  more  to  improvements  from 
an  esthetic  point  of  view  than  from  a  practical  one.  The  park 
authorities  have  accomplished  considerable  in  the  line  of  protection 
walls  along  the  river  banks,  and  deserve  support  in  their  efforts 
toward  beautifying  the  river  course,  but  there  remains  a  considerable 
length  (below  Fairmount  Dam)  outside  the  control  of  the  Park  Com- 
mission that  should  be  inclosed  with  substantial  walls,  built  so  as  to 


Thames  Embankment. 

combine  a  pleasing  appearance  with  commercial  usefulness.  As  with 
Delaware  Avenue,  if  the  city  set  the  example  by  initiating  such  im- 
provements, individual  owners  would  undoubtedly  follow  suit. 

A  good  comparison  is  afforded,  just  here,  in  the  accompanying  view 
of  the  Thames  embankment  in  the  city  of  London. 

Passing  to  another  topic, — rapid  transit, — it  will  be  of  value  to  com- 
pare Philadelphia  with  other  large  cities.  Boston  has,  for  instance, 
lately  completed  an  admirable  subway,  the  purpose  of  which  is  to 
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relieve  the  congested  passenger  traffic  in  the  business  section  of  the 
city,  but  it  seems  even  this  great  improvement  has  not  entirely  over- 
come the  difficulty,  for,  when  there  during  last  summer,  I  heard 
rumors  that  efforts  would  likely  be  made  to  restore  some  surface  elec- 
tric lines  that  the  "  subway  "  was  supposed  to  have  finally  abolished. 

In  the  line  of  this  need  our  city  is  more  fortunate  than  either  Bos- 
ton or  New  York,  because  congestion  can  not  be  so  great,  owing  to 
the  fact  that  the  business  section  is  more  scattered  and  covers  a  large 
territory. 

The  clear  appearance  of  some  New  York  streets  on  which  electric 
lines  are  now  in  operation,  is  in  striking. contrast  to  the  unsightly 
trolley  wires  and  poles  in  our  own  city.  Again,  London  has,  in  a 
great  measure,  solved  the  problem  of  rapid  transit  by  the  under- 
ground roads.  Probably  the  ideal  combination  for  Philadelphia  will 
be  underground  or  subway  roads  for  the  thickly  built-up  sections, 
coming  up  to  elevated  roads  as  the  suburbs  are  approached. 

Turning  to  another  interesting  topic,  and  one  almost  constantly 
under  the  public  gaze, — that  of  streets  and  parks, — we  find  much 
matter  for  discussion.  And  first  let  us  consider  each  city  as  a  unit, 
having  a  general  design,  or  rather  a  predominating  idea,  constantly  in 
application  in  their  upbuilding  and  extension. 

There  are,  we  know,  two  very  distinct  types  to  be  followed  in  the 
planning  of  a  city— one  the  gridiron  or  rectangular  fashion,  the  other 
a  radial  method.  A  notable  example  of  the  latter  may  be  seen  in  the 
city  of  Washington.  The  Capitol  forms,  as  it  were,  the  pivot  from 
which  the  main  streets  radiate,  and  the  cross-streets,  in  a  manner, 
form  circles  with  this  pivot  as  a  center.  Notice  this  plan  as  shown  in 
the  accompanying  panoramic  view  of  a  portion  of  the  national  capital. 
This  plan  is  one  calculated  to  achieve  the  most  pleasing  effects  in  the 
landscape  and  general  beauty  of  a  city.  In  designing  new  streets  or 
remodeling  old  ones,  wherever  possible  Philadelphia  could  well 
follow  this  example. 

Another  great  need  in  Philadelphia  is  numerous  vnde  streets.  The 
younger  western  cities  of  this  country  have  evidently  noted  this  fact, 
for  many  of  them  have  laid  out  fine  broad  boulevards,  and  striven, 
particularly  in  the  residential  sections,  to  give  ample  room  for  drive- 
way, sidewalks,  open  ground  within  which  to  grow  shade  trees  and, 
at  least,  small  lawns.     It  would  be  scarcely  possible  to  contemplate 
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such  radical  changes  in  the  old  part  of  Philadelphia,  but  it  does  seem 
reasonable  to  ask  for  such  advantages  where  old  streets  are  to  be 
widened,  and  especially  where  new  ones  are  to  be  laid  out.  In  the 
matter  of  the  width  of  streets  there  should  always  be  a  proportion 
between  the  distance  from  house-line  to  house-line,  and  the  height 
of  structures  built  upon  such  lines.  Indeed,  in  Paris  an  explicit 
law  governs  this  subject,  so  as  to  prevent  a  street  from  degenerating 
into  a  cafion  through  the  erection  of  structures  out  of  all  proportion 
to  the  street  width.  This  same  most  excellent  law  of  the  French 
capital  is  a  bar  to  that  ridiculous  spectacle  to  which  can  often  be 
attributed  the  esthetic  ruination  of  the  appearances  of  a  block  of 
perhaps  individually  fine  buildings — to  wit,  the  presence  of  a  pigmy 
house  immediately  beside  a  gigantic  towering  structure. 

Far  more  important  than  the  purely  artistic  appearance  that  well- 
proportioued  buildings  give  to  a  street  of  proper  width,  is  the  under- 
lying sanitary  reason  that  they  should  not  be  closed  in,  like  alleys. 
Plenty  of  air  and  sunshine  are  vital  to  life,  and  one  gets  very  little  of 
either  in  our  deep,  alley-like  streets.  With  such  manifest  advantages 
in  favor  of  broad  streets,  it  would  not  seem  a  hard  thing  to  have  the 
necessary  legislation  enacted  establishing  certain  relative  proportions 
between  the  height  of  structures  and  the  width  of  the  streets  upon  which 
they  are  built.  A  fine  example  of  how  a  city  may  properly  proportion 
its  streets  to  the  surrounding  buildings  and  beautify  the  whole  with 
trees  is  portrayed  in  the  picture  showing  a  section  of  the  "Boulevard 
des  Capucines  "  in  Paris,  Of  course,  we  do  not  have  to  go  abroad  to 
find  handsome  streets,  for  Boston's  Commonwealth  Avenue,  Cleveland's 
Euclid  Avenue,  and  many  others  point  the  way  to  the  esthetic  joined 
to  the  essential  in  the  making  of  city  streets;  and,  right  here,  the 
great  value  of  trees,  at  least  in  the  semibusiness  section  of  our  city, — 
if  not  in  the  very  busy  parts, — should  receive  due  attention.  Per- 
haps it  is  not  generally  known,  but  it  is  nevertheless  a  fact,  that  cities 
well  covered  with  good  shade  trees  enjoy  a  more  equitable  range  of 
temperature  than  others  shorn  of  them.  Let  us  have  trees,  therefore, 
as  numerous  as  may  be,  and  laws  to  secure  their  maintenance  and 
protection. 

More  numerous  and  more  advantageously  located  breathing-spaces 
must  appeal  (as  a  want)  to  those  of  our  citizens  who  take  the  trouble 
to  compare  our  city,  in  this  respect,  with  the  city  of  Washington, 
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for  example.  Philadelphia  has  a  number  of  squares,  or  small 
parks,  most  of  them  covering  quite  an  extent  of  ground;  but,  while 
they  are  very  well  in  their  way,  the  more  imperative  need  is  number 
and  relative  disposition  rather  than  extent  A  person  should  not  have 
to  walk  a  mile  that  he  may  escape  from  the  perpetual  brick  and  stone 
of  city  streets  into  an  open  glimpse  of  nature's  refreshing  green,  when 
opportunity  affords  for  a  brief  fifteen  or  twenty  minutes'  outing.  As 
instanced  above,  Washington  covers  the  point  admirably  in  its  many 


Boulevard  des  Capucines,  Paris. 

delightful  "circles,"  with  their  clusters  of  foliage,  fine  trees,  walks, 
and  resting-places.  "  McPherson  Circle  "  gives  an  idea  of  just  how 
they  appear. 

Finally,  let  the  good  people  consider  how  worthy  a  thing  it  would 
be  to  establish  playgrounds  for  children  about  the  town,  and  more 
especially  in  connection  with  the  many  school-houses.  It  surely  is  a 
need  to  take  the  children  out  of  the  streets  and  give  them  a  spot 
where  the  fear  of  trolley  cars  shall  not  be  a  factor  in  the  sum  of 
parental  anxieties,  and  the  lack  of  space  a  despoiler  of  the  robust 
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enjoyment  of  those  games  which  make  of  boys  and  girls  better  men 
and  women.  This  is  a  plea  especially  for  the  inhabitants  of  the 
poorer  and  most  thickly  populated  parts  of  the  city — for  these,  because 
of  their  weaker  and  less  fortunate  lives,  need  the  fact  as  well  as  the 
lesson  of  more  wholesome  surroundings. 


DISCUSSION. 

Louis  Y.  Schermerhorn. — In  connection  with  the  development  of  public 
works,  I  would  refer  to  our  river  and  harbor  improvements.  It  is  not  generally 
appreciated  what  has  been  done  in  this  direction  in  seven  years.  In  1893  the 
wharves  and  piers  of  Philadelphia  were  very  antiquated^  being  about  225,  250, 
and  occasionally  300  feet  in  length,  with  spaces  between  the  docks  seldom  exceed- 
ing 60  feet,  and  in  many  cases  even  less  than  35  feet  Some  of  these  old  docks 
were  so  narrow  that  it  was  impossible  to  get  a  dredge  between  the  two  adjacent 
piers,  and  the  operation  of  dredging  docks  of  that  kind  consisted  in  pushing  the 
dredge  in,  getting  a  bucket  of  mud,  and  backing  out  again.  That  has  all  been 
changed  in  the  recent  arrangement  of  piers  and  docks  by  the  Board  of  Port 
Wardens,  in  which  the  width  of  docks  is  not  less  than  80  feet,  with  a  tendency 
to  increase  to  150  feet ;  with  the  advance  of  our  pier  line  from  the  old  line  which 
existed  a  few  years  ago  to  the  line  as  it  now  exists,  permitting  the  extension  of 
piers  with  a  length  of  from  500  to  700  feet  in  place  of  the  former  length  of  250 
feet ;  the  widening  of  Delaware  Avenue  from  50  feet  to  150  feet,  thereby  fur- 
nishing ample  facilities  for  foot  and  wagon  ^spaces  and  the  necessary  railroad 
tracks.  Piers  35  feet  and  even  less  were  not  an  unusual  width  in  days  gone  by. 
The  standard  piers  are  now  65,  80,  and  100  feet  in  width.  Previous  to  1893  a 
large  part  of  our  harbor  was  occupied  by  Smith,  Windmill,  and  Petty 's  Islands. 
We  hardly  appreciate  to-day  the  former  condition  of  affairs.  A  man  could  throw 
a  stone  from  the  end  of  our  present  piers  to  Smith  and  Windmill  Islands,  if  they 
existed  to-day.  At  the  lower  end  of  Petty' s  Island  there  was  a  width  of  about 
one  thousand  feet  between  the  pier  line  and  the  island ;  now  the  width  is  2100 
feet  This  work  has  been  accomplished  in  the  last  seven  years.  Placed  in  cubic 
yards  and  dollars,  it  means  the  removal  of  about  25,000,000  cubic  yards  of  mate- 
rial at  a  cost  of  about  three  and  one-half  millions  of  dollars.  This  represents 
only  a  part  of  what  has  been  accomplished.  It  is  safe  to  say  that  since  the 
inception  of  this  harbor  improvement  in  1890,  the  money  expended  upon  the 
Philadelphia  harbor  by  the  Government,  the  City,  the  State,  and  by  private  and 
corporate  enterprise,  represents  an  aggregate  of  eight  millions  of  dollars.  That 
is  a  very  large  expenditure — more  than  has  ever  been  spent  in  any  city  in  the 
United  States  for  that  length  of  time  in  similar  improvements. 

We  have  wonderful  possibilities  as  a  commercial  port :  five  and  one-half  miles 

of  the  harbor  lying  along  the  Philadelphia  front  have  to-day  a  depth  in  the  upper 

mile  and  one-half  of  from  26  to  28  feet,  and  the  lower  three  and  one-half  miles  a 

depth  of  30  feet     From  the  lower  end  of  Petty' s  Island  to  Kaighn's  Point  there 
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is  a  channel  off  the  ends  of  our  longest  piers  having  a  depth  of  at  least  30  feet, 
and  a  width  of  a  thousand  feet  There  is  now  an  opportunity,  by  the  removal  of 
the  islands  and  adjacent  shoals,  for  an  adequate  extension  of  city  wharves.  The 
city  has  widened  Delaware  Avenue  to  150  feet  for  a  mile  of  its  length, — from 
South  Street  on  the  south  to  Vine  Street  on  the  north, — and  is  now  contemplat- 
ing a  further  extension  of  one-half  of  a  mile  or  more  further  north,  continuing 
the  width  of  150  feet,  so  that  we  have  a  splendid  avenue  along  our  city  front 
with  every  facility  for  access  to! its  wharves.  Less  than  one-half  of  this  expendi- 
ture— probably  about  40  per  cent. — has  been  made  by  the  Government :  the 
remaining  60  per  cent  has  been  made  by  the  Lcity  and  private  and  corporate 
interests. 

Those  who  have  followed  this  improvement  from  its  inception  in  1890  down  to 
its  commencement  about  1892,  and  to  its  completion  in  1897,  hardly  thought  in  the 
beginning  that  it  was  possible  to  have  accomplished  what  already  has  been  done. 
Now  we  need  the  commerce ;  we  have! 25  or  30  modern  wharves  fully  meeting  the 
requirements  of  modern  steamships.  There  is  no  doubt  that  the  commerce  will 
come  naturally  in  the  course  of  events.  The  Delaware  River  is  the  natural  out- 
let of  the  State  of  Pennsylvania  to  the  sea  and  much  of  the  great  west  back  of 
it  Ignoring  all  west  of  it,  simply  considering  the  State  of  Pennsylvania,  the 
State  of  Delaware,  and  a  part  of  New  Jersey,  these  three  States,  or  parts  of 
States,  cover  an  area  of  over  fifty-four  thousand  square  miles,  with  a  population 
of  nearly  seven  million  people,  or  one-tenth  of  the  entire  population  of  the  United 
States. 

Now,  what  has  the  State  of  Pennsylvania  to  offer  as  commerce  ?  Over  50 
per  cent  of  the  iron  ores  of  the  United  States  is  developed  in  the  State  of  Penn- 
sylvania ;  probably  60  per  cent,  of  the  manufactured  iron  of  the  United  States 
comes  from  the  State  of  Pennsylvania ;  over  60  per  cent  of  the  petroleum  products 
are  from  the  same  State,  and  100  per  cent  of  the  anthracite  of  the  United  States 
come  from  the  States  of  Pennsylvania.  The  manufactured  products  of  the  city  of 
Philadelphia  alone  are  to-day  over  $600,000,000  per  annum.  I  don't  mean  that 
all  of  that  amount  is  necessarily  for  consumption  away  from  home,  but  a  very 
large  part  of  it  is,  and  we  are  living  in  the  days  when  the  outside  world  is  de- 
manding much  that  we  manufacture.  When  you  take  into  consideration  the 
locomotives  by  the  hundreds  that  the  Baldwins  are  shipping  out  of  this  country 
to  the  world  outside,  the  demand  being  made  on  our  great  bridge  builders  for 
bridges  that  have  been  recently  erected, —  the  Pencoyd,  for  instance, —  we 
have  a  few  instances  of  the  trade  possibilities  of  this  country,  which  lie  right  here 
at  home.  We  have  a  fine  harbor ;  there  is  no  harbor  probably  outside  of  the 
city  of  New  York  which  offers  the  facilities  that  Philadelphia's  harbor  does  to- 
day. We  are  handicapped  by  lack  of  a  proper  outlet  to  the  sea.  The  report 
of  the  Board  of  Engineers,  just  been  given  to  the  public,  pronounces  upon  the 
feasibility  of  a  thirty-foot  channel  between  Philadelphia  and  the  sea,  at  an  esti- 
mated cost  of  less  than  $6,000,000  ;  requiring  the  estimated  removal  of  33,000,- 
000  yards  of  earthy  material  and  25,000  yards  of  rock.  There  is  no  doubt 
that  this  improvement  will  be  entered  upon  in  the  very  near  future  ;  and  there 
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is  now  $50,000.00  available  for  its  commencement.  Congress  will  be  urged  to 
supplement  the  appropriations  already  made  for  the  thirty-foot  channel  by  addi- 
tional appropriations,  and  it  is  hoped  that  the  appropriations  will  reach  about 
one  million  dollars  a  year,  requiring  about  five  or  six  years  to  secure  a  thirty-foot 
channel  to  the  sea.  When  that  time  comes,  we  will  be  in  a  condition  which  will  place 
us  on  a  parity  with  our  sister  ports  of  Boston,  New  York,  Baltimore,  Norfolk,  and 
Newport  News.  We  certainly  have  been*  very  seriously  handicapped  in  the  past. 
Boston  harbor  to-day  has  a  channel  entrance  carrying  about  26  feet  at  low  water 
with  a  tide  of  1 0  feet,  so  that  at  half  tide  there  would  be  3 1  feet  of  water.  New  York 
has  30  feet  with  an  approved  project  for  a  channel  40  feet  deep.  Baltimore  has  a 
channel  30  feet  deep,  and  is  now  moving  for  a  thirty-five-foot  channel  600  feet 
wide.  Newport  News  has  a  channel  of  unlimited  depth  and  capacity,  directly 
fronting  upon  Hampton  Roads.  Norfolk  harbor,  which  is  becoming  an  i  mportant 
port  of  entry  and  shipment,  has  a  channel  from  the  Roads  to  Norfolk  Navy 
Yard,  30  feet  deep  ;  so  that  we  stand  to-day  with  the  harbors  of  Boston,  New 
York,  Baltimore,  Newport  News,  and  Norfolk  with  practically  channels  of  30 
feet  depth.  The  harbor  of  Philadelphia,  although  it  has  a  channel  depth  of  30 
feet,  has  22  feet  of  low- water  depth  in. its  approach  from  the  sea  ;  so  that  we  are 
not  upon  a  fair  footing  with  our  sister  or  rival  ports. 

The  expenditure  of  three  and  one-half  millions  of  dollars  which  the  Government 
has  made  upon  the  improvement  of  Philadelphia  harbor,  and  about  six  millions 
of  dollars  anticipated  for  the  improvement  of  the  river  channel  between  Phila- 
delphia and  the  sea,  making  approximately  about  ten  millions  of  dollars,  is  less 
than  one-ninth  of  the!  value  of  exports  and  imports  each  year  leaving  and  enter- 
ing the  port  of  Philadelphia.  I  am  satisfied  "to  make  this  general  statement :  that 
our  possibility  of  competing  for  the  markets  of  the  world  depends  upon  our  being 
able  to  lower  the  cost  of  transportation,  and  that  can  only  be  obtained  by  deeper 
channels,  which  will  admit  vessels  of  30  feet  and  over.  Vessels  are  entering  New 
York  harbor  to-day,  of  course  on  half  tide  and  more,  drawing  33  feet.  If  they 
had  a  forty-foot  channel,  I  have  no  doubt  that  in  a  year  or  two  vessels  would  be 
entering  New  York  harbor  with  a  draft  of  35  feet.  The  vessels  of  greatest  draft 
are  the  cheapest  carriers.  That  means  that  one  must  have  channels  of  sufficient 
dimensions  for  vessels  of  deep  draft  to  move  in.  When  we  have  channels  of  30 
feet  and  over,  and  can  prove  to  the  world  that  freights  can  be  sent  here  without 
any  chance  of  injury  to  the  vessels,  with  its  consequent  expenses  of  dry-docking 
and  demurrage  charges,  I  have  no  doubt  that  we  will  see  the  docks  and  wharves 
of  Philadelphia  replete  with  vessels  carrying  a  commerce  from  this  port  which 
is  commensurate  with  the  enormous  manufacturing  possibilities  which  are  behind 
us.  That  I  feel  sure  is  one  of  the  needs  of  Philadelphia,  but  a  need  which  is 
thoroughly  appreciated  both  here  and  in  Washington,  and  I  believe  that  it  will  be 
met  in  the  very  near  future. 

Jambs  Christie. — In  an  industrial  sense,  the  time  is  about  ripe  for  the  estab- 
lishment of  numerous  ship-building  plants  in  Philadelphia,  or  on  the  river  line 
adjacent  to,  or  tributary  to,  Philadelphia.  Considering  that  the  export  trade  of 
the  country  has  now  a  money  value  of  $100,000,000  per  month,  and  that  the 
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material  that  enters  into  the  construction  of  ships  has  been  extensively  exported, 
it  is  not  creditable  to  the  enterprise  of  the  nation  that  we  should  be  so  low  on  the 
list  in  this  industry. 

Among  other  municipal  improvements  we  need  several  bridges  across  the  Wis- 
sahickon  Ravine,  and  some  more  across  the  Schuylkill,  to  facilitate  traffic  It  is 
to  be  hoped  that  these  structures,  when  constructed,  will  combine  substantial 
solidity  with  handsome  artistic  effects — qualities,  either  or  both  of  which  are 
missing  in  many  of  our  bridges.  There  is  a  constant  demand  for  more  schools, 
and  also  for  more  open  areas  throughout  the  city.  Why  not  combine  the  two? 
Devote  suitable  ground  areas,  say  an  ordinary  city  square,  to  each  school,  so  that 
the  pupils  can  have  a  playground  attached  to  each  building,  and  are  not  thrust 
from  the  school  doors  onto  the  public  highways.  It  is  certain  that  the  com- 
munity is  always  willing  to  spend  money  lavishly  when  it  is  expended  judi- 
ciously, and  in  this  connection  it  may  be  observed  that  the  most  urgent  need  of 
Philadelphia  is  the  cultivation  of  an  exalted  sense  of  civic  responsibility,  so  that 
this  great  city  may  be  spared  the  repetition  of  the  official  turpitude  it  has  expe- 
rienced during  the  past  few  years. 

Mr.  Schermerhorn's  remarks  on  the  improvement  of  the  Delaware  River 
remind  us  of  a  possible  future  demand  for  an  improved  channel — for  an  industry 
that  is  now  of  little  importance  on  the  river  banks.  It  is  quite  probable  that 
there  may  be  established  on  the  banks  of  the  Delaware  extensive  plants  for  the 
manufacture  of  iron  and  steel.  There  is  a  growing  scarcity  of  high-grade  iron 
ores  in  the  seaboard  States.  At  the  same  time,  the  bituminous  coals  of  Pennsyl- 
vania and  Virginia  are  delivered  here  cheaper  than  formerly.  Now,  remember- 
ing that  nearly  two  tons  of  ore  are  handled  for  each  ton  of  coal  in  blast  furnace 
operations,  it  is  evident  that  the  coal  will  be  carried  to  the  ore  instead  of  the 
reverse,  unless  other  conditions  interfere;  therefore,  if  foreign  ores  can  be 
economically  delivered  at  Delaware  or  Chesapeake  ports,  it  is  probable  that  pig- 
iron  can  be  made  at  these  points  profitably.  If  this  should  prove  to  be  the  case, 
large  steel  manufacturing  plants  can  also  be  established.  Another  incentive  to 
this  arises  from  the  modern  system  of  coke  making,  whereby  rich  combustible  gas 
and  other  products  that  were  wasted  in  the  old  beehive  ovens  are  utilized.  This 
gas  can  best  be  utilized  in  the  vicinity  of  large  cities,  either  directly  or  by  the  trans- 
mission of  its  heat-energy  electrically.  This  means  that  coke  can  be  profitably 
made  on  the  shores  of  the  Delaware ;  and  the  interesting  work  of  the  New  Eng- 
land Company,  near  Boston,  on  the  lines  indicated  can  be  observed,  with  a  view 
to  its  application  here.  The  persistent  work  of  Edison  in  his  endeavor  to  sepa- 
rate and  concentrate  the  lean  New  Jersey  ores  has  a  direct  and  evident  bearing  on 
the  subject  Thelchild  may  now  be  living  who  will  see  the  Delaware,  from  Phila- 
delphia to  the  sea,  lined  with  gigantic  iron  and  steel  works,  and  with  ship-yards 
and  similar  plants,  into  which  iron  enters  as  a  prime  material,  and  who  will  see 
the  noble  river  floating  its  argosies,  laden  with  products  for  distribution  through- 
out the  world.    These  may  be  classed  among  the  wants  of  Philadelphia. 

Henry  G.  Morris. — The  subject  of  parks  has  been  touched  upon  by  Mr. 
Osbourn,  and  in  that  connection  I  want  to  make  a  few  remarks  in  relation  to 
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what  is  known  as  Dickinson  Square — between  Morris  and  Tasker  Streets,  and 
Third  and  Fourth  Streets.  A  few  years  ago  it  was  purchased  by  the  city  as  a 
public  square,  but  it  was  decided  to  make  it  into  a  children's  playground.  It 
was  placed  in  the  hands  of  persons  having  that  end  in  view,  and  was  laid  out, 
with  buildings  on  it  for  the  accommodation  of  children,  where  they  could  have 
kindergartens,  and  an  attempt  to  make  a  sand  garden,  a  bicycle  path  being  made 
around  the  outside.  The  rest  of  the  square  was  covered  with  broken  stone. 
The  children  were  turned  loose  on  it — poor  little  things ! — with  their  bare  feet, 
and,  naturally,  their  first  effort  was  to  throw  those  stones  off  the  square,  and 
some  of  them  found  their  way  into  the  windows  of  the  houses  on  the  other  side 
of  the  street  Thereupon  a  howl  went  up  from  the  occupants  of  the  houses,  and 
it  was  decided  that  they  could  not  have  the  children  playing  there  any  more,  and 
that  it  could  not  be  used  as  a  playground,  but  must  be  converted  into  a  public 
square,  such  as  we  have  up-town  ;  and  so  the  matter  stands.  This  seems  an 
unfair  conclusion,  as  in  that  part  of  the  city  the  crop  of  children  is  about  the 
most  certain  thing  we  have.  Where  shall  they  go  to  ?  One  of  these  days  there 
will  be  a  League  .Island  Park,  possibly  ;  but  it  certainly  seems  a  pity  that  in 
making  improvements  some  provision  should  not  be  made  for  these  open  spaces 
where  proper  playgrounds  can  be  had.  I  made  a  rough  calculation  one  day  in 
looking  out  of  my  window  in  the  southwest  corner  of  the  Drexel  Building,  on  the 
ninth  floor.  Looking  over  Independence,  Square  and  Washington  Square,  you 
would  imagine  you  were  in  -a  woods  there, — in  the  summer  time,  at  least, — and 
I  made  a  short  calculation  of  how  much  space  it  would  require  to  accom- 
modate the  people  of  Philadelphia,  supposing  each  inhabitant  had  as  much  space 
(cubic  feet)  as  we  have  in  our  offices — possibly  about  eighteen  feet  square  each 
room,  and  six  people  in  it  (six  rooms).  That,  I  think,  is  a  greater  average  than 
persons  have  ordinarily.  Now,  supposing  the  city  to  be  built  up  to  an  average 
density  equal  to  the  Drexel  Building, — open  spaces,  court-yards,  etc.,  surround- 
ing it, — and  leaving  every  alternate  square  open/ the  population  of  Philadelphia 
could  be  accommodated  on  about  four  miles  square,  and  could  be  better  accom- 
modated than  they  are  in  small  alleys  where  each  man  has  to  look  after  his  front 
door,  pavement,  etc.  Of  course,  this  is  particularly  ideal.  We  could  not  tear 
down  Philadelphia  and  build  it  over,  but  jt  seems  to  me  that  in  looking  forward 
to  the  extension  of  the  city  something  of  that  sort  could  be  done.  It  is  not 
necessary  to  build  up  the  city  in  square  blocks  of  houses — six-  or  twelve-room 
houses.  Now,  as  to  League  Island  Park.  I  am  sorry  that  we  have  not  the 
plans  of  it.  Several  years  ago,  when  a  movement  was  first  made  to  establish 
it,  an  ordinance  was  introduced  appropriating  $60,000  to  purchase  300  acres 
of  ground.  Of  course  that  was  only  an  entering  wedge.  However,  it  passed, 
and  the  city  officers  made  application  to  the  property  owners  for  purchase  of  the 
ground,  asking  what  they  would  take  for  it.  Nobody  responded  very  earnestly 
to  that,  and  the  next  thing  was  an  offer  from  the  City  Solicitor's  office  of  $200 
an  acre.  That  would  just  about  cover  the  appropriation.  As  a  good  many 
people  had  held  that  property  for  a  hundred  years,  more  or  less,  they  did  not 
seem  to  see  the  propriety  of  selling  it  for  $200  an  acre,  and  the  next  move  was  to 
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appoint  a  jury  and  to  have  it  condemned,  which  resulted  in  the  city  being  man- 
dam  used  for  about  $350,000,  without  any  appropriation  whatever.  Then  a  prize 
was  offered  for  the  best  plan  for  the  improvement  of  that  park.  The  munificent 
sum  of  $750  was  offered  for  the  best  plan  of  improving  three  hundred  acres  of 
ground  !  I  am  glad  to  say  that  New  York  carried  off  the  prize,  because  I  did 
not  believe  that  any  self-respecting  engineer  would  undertake  'to  do  it  in  Phila- 
delphia. There  are  some  interesting  things  about  that  part  of  the  country, 
which  perhaps  are  not  generally  known.  Most  of  the  property,  as  you  know, 
lies  below  tide,  apd  requires  the  care  and  protection  of  banks  all  the  way  from 
Greenwich  Point  to  Girard  Point,  and  these  banks  are  in  charge  of  several  com- 
panies, which  were  chartered  in  the  time  of  the  Georges.  They  have  rights 
superior  to  the  city.  They  have  the  right  to  tax  indefinitely  for  protection,  for 
keeping  up  the  banks :  as  high  as  $7.00  an  acre  has  been  levied  in  one  year.  It 
is  a  pretty  serious  item,  but  nevertheless  the  water  must  be  kept  out  An  effort 
is  now  being  made  to  get  the  city  to  assume  these  responsibilities,  for  it  is  mani- 
festly wrong  in  this  age  to  have  such  companies  not  under  the  control  of  the  city. 
I  have  understood  that  it  was  the  intention  to  raise  the  grade«of  Broad  Street  so 
as  to  permit  the  water  and  sewers  to  discharge  above  tide.  If  that  were  done,  I 
think  it  would  raise  Broad  Street  probably  eleven  feet  That  would  mean  a  very 
considerable  fill  on  300  acres,  and  Mr.  Schermerhorn  will  be  able  to  tell  you  just 
what  it  would  cost  to  fill  it  up.  I  have  not  been  able  to  find  out  what  provision 
has  been  made  for  the  grades  of  the  railroads  that  were  going  to  run  there.  Ten 
years  ago  the  Belt  Line  Railroad  obtained  permission  to  use  Government  Avenue, 
which  is  opposite  League  Island.  The  Pennsylvania  Railroad  demanded  the 
right  to  put  in  a  railroad  150  feet  north  of  Government  Avenue.  That  ordi- 
nance was  passed  very*hurriedly,  with  unseemly  haste,  apparently  for  the  pur- 
pose of  heading  off  the  Belt  Line  road,  on  the  plea  that  the  navy  yard  demanded 
immediate  connection  with  railroads.  To-day  the  navy  yard  has  no  railroad  con- 
nection whatever.  Recently  that  matter  has  come  up  again,  and  the  Pennsyl- 
vania Railroad  Company  is  pressing  for  its  right  of  way ;  but  as  far  as  I  can 
understand,  no  adequate  provision  has  been  made  for  carrying  it  properly  through 
the  park.  It  would  be  quite  a  serious  interference  with  the  park  to  have  one  or 
two  lines  of  railroad  running  through  it,  and  if  it  is  necessary  to  change  the  grades 
there  by  raising  Broad  Street  and  the  intersecting  streets,  it  will  make  complica- 
tions that  should  certainly  be  provided  for  in  advance.  I  am  not  opposed  to 
League  Island  Park  at  all ;  only  to  the  way  of  doing  it  I  think  we  ought  to 
have  a  great  many  more  parks  than  we  have.  It  seems  to  me  a  much  better 
scheme  could  have  been  laid  out  if  they  proposed  to  open  alternate  squares, 
making  a  winding  park,  which  would  have  the  effect  of  open  country,  and 
leaving  the  alternate  squares  to  be  improved  naturally  by  building, — there  is  no 
reason  why  there  should  not  be  handsome  houses  down  there,  since  it  is  raised 
out  of  the  water, — and  that  would  have  avoided  the  expenditure  of  a  very  large 
sum  of  money  by  the  city  and  permitted  the  property  owners  to  reap  some 
advantage  from  the  squares. 
The  President. — To  continue  the  discussion,  I  will  shape  my  remarks  in  the 


Digitized  by  CjOOQIC 


Osbourvr-Philadelphia:  What  Are  Its  Needs  t  37 

form  of  a  question,  which  I  will  preface  with  the  assertion  that  commerce  tends 
toward  cities  offering  the  greatest  number  of  points  of  interest  and  beauty, 
other  things,  such  as  natural  advantages  and  commercial  facilities,  being  equal. 
The  city  possessing  the  most  beautiful  streets,  buildings,  monuments,  museums, 
theaters,  and  places  of  amusement  will  be  chosen  as  a  mart  by  the  man  of  com- 
merce in  preference  to  one  not  so  enriched. 

Imagine,  then,  Philadelphia  in  its  present^form  and  condition  transposed  to  the 
shores  of  the  Chesapeake  Bay, — say,  Newport  News,  which  has  the  advantage 
of  one  of  the  best  harbors  in  the  world,  with  magnificent  rivers  radiating  toward 
the  large  cities  of  Baltimore,  Washington,  and  Richmond.  For  comparison  and 
gage,  take  New  York  city  in  its  present  location  and  just  as  it  exists  to-day. 
My  question  is,  Would  Philadelphia  recover  its  former  prominence  as  a  commer- 
cial center,  or  at  least  share  equally  with  New  York  ? 

W.  R.  Webster. — I  agree  with  Mr.  Christie  as  regards  the  manufacture  of 
iron  along  the  banks  of  the  Delaware  River  from  foreign  ores,  but  do  not  consider 
free  trade  at  all  necessary  to  bring  fcthis  about.  Our  export  trade  is  increasing 
all  the  time,  and  for  these  orders  we  have  all  the  advantages  on  raw  materials  that 
free  trade  would  give  us,  as  the  tariff  reads : 

44  Articles  manufactured  in  this  country  and  exported,  made  wholly  or  in  part 
of  imported  material,  are  entitled  on  exportation  to  a  drawback  equal  to  the 
amount  of  duty  paid  on  the  imported  material  used  in  the  manufacture,  less  one 
percent" 

This  gives  our  manufacturers  cheap  raw  materials  and  our  men  the  work  of  con- 
verting the  same  into  finished  bridges, 'rails,  etc.  The  only  drawback  is  the 
amount  of  red  tape  involved  ;  if  this  can  be  simplified,  most  of  our  manufacturers 
will  use  more  foreign  materials  in  export  orders. 

The  President. — I  wonder  how  school  facilities  of  Philadelphia,  in  the  form 
of  edifices,  compare  with  New  York  city.  We  have  one  building  on  Broad 
Street,  but  it  is  not  completed. 

Mr.  Osbodrn. — About  three  to  one  in  favor  of  New  York. 

The  President. — I  saw  some  plans  several  years  ago  for  a  school  building  that 
certainly  excelled  anything  we  have  in  Philadelphia  in  regard  to  the  design  as  to 
sanitary  purposes,  light,  playground,  etc  Mr.  Trautwine  can  tell  us  how  our 
prospective  water-system  compares  with  the  present  New  York  system  as  to  per- 
fection of  operation,  water-supply,  and  monumental  character  of  the  structure, 
speaking  of  the  new. 

J.  C.  Trautwine,  Jr. — The  two  systems  are  so  different  in  principle  that 
it  is  very  difficult  to  compare  them.  New  York  takes  a  small  stream  in  its 
vicinity  and  impounds  it,  being  forced  thereto  by  the  absence  of  large  supplies  of 
fresh  water  in  its  immediate  vicinity.  The  Croton  water  flows  to  New  York  by 
gravity ;  whereas,  if  the  recommendations  of  the  experts  are  carried  out,  the 
water  for  Philadelphia  will  continue  to  be  taken  from  the  two  rivers  which  now 
supply  us,  and  will  be  improved  by  filtration. 

Mr.  Osbourn. — I  wish  to  call  attention  to  one  more  of  Philadelphia's  needs : 
that  is,  underground  construction  in  streets.     There  are  streets  in  European 
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cities  where  all  mains— gas,  water,  and  electric— are  placed  in  open  and  accessi- 
ble tunnels.  That  is  one  of  the  improvements  to  the  acquisition  of  which 
Philadelphia  should  look  forward,  and  I  hope  we  may  soon  see  it,  and  thus  elim- 
inate many  serious  dangers. 

Mr.  Morris. — It  seems  astonishing,  when  you  look  at  the  work  that  is  being 
done  in  putting  down  conduits  through  our  streets,  that  we  did  not  realise  that 
everything  might  have  been  put  underground  in  open  tunnels,  in  accessible  tun- 
nels, for  less  cost  than  has  been  expended  in  putting  them  down  piecemeal  and 
taking  them  up  again,  and  the  annoyance  of  taking  up  the  pavements ;  and  how 
much  better  it  would  be  if  we  could  get  at  all  the  stop-valves  in  one  chamber. 
One  crossing  downtown  has  thirteen  manholes  in  one  intersection.  It  seems 
absurd. 

The  President. — Mr.  Trautwine,  will  you  tell  us  something  about  these 
matters? 

Mr.  Trautwine. — I  can  only  concur  in  what  Mr.  Osbourn  remarked  in 
introducing  the  subject-matters :  viz.,  that  the  water  question,  in  which  I  am 
more  particularly  interested,  is  now  definitely  settled,  the  experts  appointed  by 
the  Mayor  having  filed  a  report  in  which  they  indorse  the  recommendations  that 
the  Water  Department  and  Bureau  have  for  many  years  been  making.  I  there- 
fore think  it  quite  in  order  that  most  of  the  evening  has  been  devoted  to  other 
matters. 

The  President. — Undoubtedly,  Philadelphia  could  be  improved  by  a  revision 
of  its  esthetics  in  the  line  of  engineering  and  architecture.  Much  could  be  done 
in  this  direction  toward  beautifying  the  city.  Compared  with  other  large  cities, 
we  must  admit  its  lack  of  embellishment. 

Commercial  centers,  to  maintain  their  supremacy,  must  exert  themselves  to 
attract,  with  all  that  is  interesting  and  beautiful.  We  appear  too  utilitarian, 
and  in  many  of  our  public  and  private  works  fail  to  grasp  the  trend  toward  the 
artistic — that  which  is  pleasant  to  the  eye. 

Edgar  Marburg. — It  is  a  remarkable  fact,  and  one  not  easily  explained, 
that  in  contemplating  expenditures  for  municipal  purposes  the  average  honest, 
well-intentioned  citizen  applies  a  very  different  standard  from  that  to  which  he 
is  accustomed  in  the  regulation  of  his  own  private  affairs.  In  his  own  family, 
after  the  necessities  of  life  have  been  provided,  a  prudent  man  gives  thought, 
first,  to  matters  of  health  and  hygiene  ;  second,  to  the  education  of  his  children ; 
and  third,  to  other  matters,  whether  of  convenience,  beauty,  or  what  not.  There 
is  no  reason  why  this  rational  order  of  procedure  should  be  departed  from  in  ap- 
proaching public  expenditures.  It  seems,  therefore,  quite  incomprehensible  that 
there  should  be  so  many  men,  of  undoubted  honesty  and  intelligence,  who  stand 
willing  to  commit  themselves  in  an  off-hand,  thoughtless  fashion  to  such  schemes 
as,  for  example,  the  late  Boulevard  project,  so  long  as  there  are  pressing  needs 
touching  public  health  and  public  education,  for  which  no  adequate  provisions 
have  been  made. 
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Communicated  Discussion. 

Wm.  Copeland  Furber.— Philadelphia's  needs,  what  are  they?  This  sub- 
ject is  such  a  comprehensive  one  that  I  am  not  able  to  discuss  it  without  more 
preparation  than  I  have  thus  far  given  it  I  hope,  however,  in  the  near  future 
to  lay  a  paper  before  the  Club  for  further  consideration.  I  think  the  discussion 
should  touch  on  those  causes  that  have  contributed  to  the  loss  of  the  commercial 
prestige  the  city  once  enjoyed,  and  that  a  discriminating  line  should  be  drawn 
between  natural  disadvantages,  if  any,  which  can  not  be  changed,  and  artificial 
handicaps,  which  can  be  removed  by  earnest  effort  and  a  "  new  "  public  spirit 

The  4t  New  Philadelphia  "  we  used  to  hear  so  much  about,  and  which  prom- 
ised so  much,  seems  to  have  received  its  "  knock-out  blow  "  in  the  remarkable 
sale  of  the  Philadelphia  gas-works — practically  without  protest  The  causes  that 
led  to  this,  and  to  an  almost  successful  similar  effort  to  dispose  of  the  water- 
supply,  furnish  material  for  careful  reflection,  and  we  may  well  stop  and  ask, 
u  Where  are  we  at  ?  "  A  little  thought  will  show  us  that  the  once  mighty  public 
spirit  of  Philadelphia  is  being  slowly  bound  by  threads,  like  Gulliver  of  old,  until 
it  is  a  question  now  as  to  which  is  the  stronger — the  people  or  the  threads. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  January  6,  1900. — The  President  in  the  chair.  Sixty-nine 
members  and  eight  visitors  present. 

The  Secretary  announced  the  death  of  Edward  H.  Williams,  Active  Member, 
which  occurred  on  December  21,  1899. 

William  B.  Wilson  (non-member)  read  biographical  sketches  of  the  professional 
careers  of  William  Hasell  Wilson  and  Herman  Haupt. 

The  tellers  reported  the  election  of  Messrs.  Thos.  J.  Bnckley,  John  De  Gray, 
Geo.  B.  Ferrier,  Jr.,  and  Richard  W.  Tull  to  junior  membership,  and  J.  S.  Alex- 
ander to  associate  membership. 

Annual  Meeting,  January  20,  1900.— The  President  in  the  chair.  Ninety- two 
members  and  four  visitors  present. 

The  annual  reports  of  the  Board  of  Directors  and  Treasurer  were  presented  and 
read  by  the  Secretary. 

The  retiring  President,  Mr.  Francis  Schumann,  read  the  annual  address,  the 
8 abject  being  "  Esthetics  and  the  American  Engineer.1' 

The  tellers  reported  the  following  officers  elected  for  1900  : 

President. — Edgar  Marburg. 

Vice-President— L.  Y.  Schermerhorn. 

Secretary. — L.  F.  Rondinella. 

Treasurer.— Geo.  T.  Gwilliam. 

Directors. — James  Christie,  Charles  Piez,  Edwin  F.  Smith. 

The  tellers  also  reported  the  election  of  Coleman  Sellers  to  honorary  membership. 
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Special  Meeting,  January  6,  1900. — Present:  The  President,  the  second 
Vice-President,  Directors  Humphrey,  Ott,  Smith,  and  Levis,  the  Secretary,  and  the 
Treasurer. 

The  business  of  the  meeting  related  entirely  to  the  preparation  of  the  annual 
report  for  presentation  to  the  Club. 

Regular  Meeting,  January  20,  1900.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Humphrey,  Ott,  Smith,  Evans,  Levis,  and  Souder,  and  the 
Secretary. 

The  resignation  of  Alfred  Walter,  to  take  effect  as  of  December  31, 1900,  and  the 
resignations  of  Francis  J.  Boas,  Charles  P.  Thompson,  and  J.  H.  Vail,  to  take 
effect  as  of  December  31,  1899,  were  accepted. 

The  Treasurer  reported  Balance  on  hand  November  30th,    .    .  $1145.09 
Receipts  in  December, 963.33 


Total, 

Disbursements  in  December, 

Balance,  December  31st,    . 


$2108.42 
912.01 


$1196.41 


Organization  Meeting,  January  27,  1900.— Present :  The  President,  the 
second  Vice-President,  Directors  Levis,  Souder,  Christie,  Piez,  and  Smith,  the  Sec- 
retary, and  the  Treasurer. 

The  standing  committees  for  the  year  were  appointed  as  follows  : 
Finance. — Edwin  F.  Smith,  Henry  Leffmann,  Minford  Levis. 
Membership. — Charles  Piez,  James  Christie,  Harrison  Souder. 
Publication. — Henry  Leffmann,  James  Christie,  Edwin  F.  Smith. 
Library. — Harrison  Souder,  L.  Y.  Schermerhorn,  Wm.  Penn  Evans. 
Information. — L.  Y.  Schermerhorn,  Charles  Piez,  Minford  Levis. 
House. — Minford  Levis,  Edwin  F.  Smith,  Wm.  Penn  Evans. 
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ADDITIONS  TO  THE  LIBRARY. 


From  Illinois  Society  of  Engineers  and  Surveyors. 
Reports  for  1897,  1898,  and  1899. 

From  the  Institution  op  Civil  Engineers. 
Abstracts,  Vol.  CXXXVIII,  Part  IV.    Session  1898-1899. 

From  American  Society  of  Mechanical  Engineers. 
Transactions,  Vol.  XX,  1899. 

From  Patterson  &  White,  Publishers,  Philadelphia. 
Club  Directory  for  1899-1900. 

From  American  Iron  and  Steel  Association. 
History  of  the  Manufacture  of  Armor  Plate  for  the  United  States  Navy. 

From  L.  C.  Ferrell,  Superintendent  of  Documents,  Washington,  D.  C. 
Report  of  American  Historical  Association,  1898. 

"       Commissioner  of  Navigation,  1899. 
Compilations  of  Treaties  in  Force,  1899. 
Consular  Reports,  No.  226,  July,  1899. 

"  "        No.  227,  August,  1899. 

"  "        No.  228,  September,  1899. 

Fish  Commission  Bulletin,  Vol.  XVIII. 
Nineteenth  Annual  Report  Geological  Survey,  Vol.  II. 
Memoirs  National  Academy  of  Sciences,  Vol.  VIII. 
Monthly  Summary  Commerce  and  Finance,  August,  1899. 

"  "  "  "        September,  1899. 

"  "  "  "  u        October,  1999. 

"  "  "  "  "        November,  1899. 

Special  Consular  Reports,  Vol.  XVII. 
Supplement  to  Consular  Reports,  No.  228,  September,  1899. 
Water-supply  and  Irrigation  Papers,  No.  29. 
"         "         "         "  "        No.  30. 

Congressional  Directory,  First  Session,  56th  Congress. 

From  C.  H.  Umstead. 
Annual  Report  of  Chief  of  Bureau  of  Yards  and  Docks,  1899. 

From  Boston  Transit  Commission. 
Fifth  Annual  Report,  1899. 

From  Society  of  Engineers,  London. 
Transactions,  1898. 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA, 

House,  No.  1122  Qirard  Street* 

PHILADELPHIA.  PA. 


ANNUAL  REPORT  OF  THE   BOARD  OF   DIRECTORS 

FOR  THE  FISCAL  YEAR  1809 

January  6, 1900. 
To  The  Engineers'  Club  of  Philadelphia  : 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  for  the  year  ending  December  31,  1899. 

Eighteen  regular  meetings  and  one  special  meeting  of  the  Clnb  were  held,  at 
which  the  maximum  attendance  was  116,  and  the  average  about  73.  Nine  stated 
and  four  special  meetings  of  the  Board  of  Directors  were  held ,  at  all  of  which  a 
quorum  was  present. 

During  the  year  23  active,  4  associate,  and  10  junior  members  were  elected  ;  12 
active  and  2  associate  members  resigned  ;  and  7  active  members  and  1  associate 
member  were  dropped  from  the  rolls. 

The  record  of  death  is  as  follows : 

James  McCann,  Active  Member,  died  January  8,  1899. 

W.  D.  Heston,  Active  Member,  died  July  28,  1899. 

Richard  B.  Osborne,  Active  Member,  died  November  28,  1899. 

Edward  H.  Williams,  Active  Member,  died  December  21,  1899. 

The  membership  of  the  Club  on  December  31,  1899,  as  compared  with  the  pre- 
vious year,  was  as  follows : 

1898.  1899. 

Clots.               Resident.      Non-Resident.      Total.  Resident  Non-Resident.      Total. 

Honorary 11  11 

Active 281                  110              391                        283  115  398 

Associate 20                     2                22                          19  1  20 

Junior 9                      2                11                          12  5  17 

310  115  425  315  121  435 

During  the  month  of  March  the  Honse  Committee  solicited  subscriptions  for  fit- 
ting up  the  third-story  front  room  as  a  billiard-room.  This  was  accomplished  with 
satisfactory  results  without  expense  to  the  Clnb. 

The  books  that  were  formerly  shelved  in  this  room  were  listed  and  placed  in 
better  order  in  the  third-floor  back  room,  and  the  Library  Committee  has  obtained 
subscriptions  and  ordered  a  large  number  of  books  for  a  reference  library. 

The  greater  portion  of  the  house  was  repapered  and  painted,  the  front  wood- work 
repainted,  and  the  plumbing  renovated  by  the  Girard  Estate  without  cost  to  the  Club. 

A  filter  was  placed  in  the  kitchen  for  furnishing  water  for  drinking  purposes,  and 
an  exhaust  fan  in  the  meeting  room  to  aid  ventilation. 
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The  improvements  have  resulted  in  a  large  increase  of  the  use  of  the  Club-house. 

During  the  year  six  numbers  of  the  Proceedings  have  been  issued  at  convenient 
intervals,  constituting  volume  XVI.  The  net  cost  of  publishing  this  volume,  in- 
cluding the  cost  of  reporting  the  discussions,  was  about  $800.  A  statement  of  the 
receipts  and  expenditures  chargeable  to  the  publication  account  will  be  found  in 
the  Treasurer's  report. 

The  following  papers  have  been  presented  : 

January  7th.— The  Reconstruction  of  the  Reservoir  for  the  York,  Pa.,  Water 
Company ;  Notes  upon  a  New  Water-power  Improvement  on  the  Niagara  River. 
John  Birkinbine. 

January  21st.—  Address  of  Retiring  President.  Some  Phases  in  the  Develop- 
ment of  the  Science  of  Mechanics ;  Keely  Motor  Wires.     Carl  Hering. 

February  4th. — The  Problem  of  Water-purification  for  the  City  of  Philadel- 
phia.    P.  J.  A.  Maignen. 

February  18th.— A  Sand-filter  Plant  J.  W.  Ledoux.  Note  on  Strength  of 
Tubes  (read  by  title).    L.  Y.  Schermerhorn. 

March  4th.  —  Engineering  of  Transmission  of  Intelligence.    Theodore  Spencer. 

March  18th. — The  Fruits  of  Sanitary  Science.     J.  B  Johnson. 

March  25th. — Water-supply  of  the  City  of  Philadelphia.  John  C.  Trautwine,  Jr. , 
and  Edgar  Marburg. 

April  1st. —Testing  Laboratory  of  the  City  of  Philadelphia.  Richard  L. 
Humphrey.     Recent  Developments  in  Electrical  Engineering.     Carl  Hering. 

April  15xh.—  Coastal  Topography.    Oscar  C.  S.  Carter. 

May  6th.— Modern  Mine- Haulage  Practice.    Harry  K.  Myers. 

May  20th.— The  Utilization  of  Wastes.  John  Birkinbine.  The  Philadelphia 
Exposition.     John  Birkinbine. 

June  3d. — The  Niagara  Gorge  Railroad.    George  A.  Ricker. 

September  16rH.— A  Portable  Electrical  Testing  Set.    W.  C.  L.  Eglin. 

October  21st.— Philadelphia— What  Are  Its  Needs?    Harry  V.  B.  Osbourn. 

November  4th. — Long-span  Bridges.     William  H.  Burr. 

November  18th.— The  Atbara  River  Bridge.     Richard  Khuen,  Jr. 

December  2d. — The  Motorman  as  an  Element  of  Street  Railway  Economy. 
Charles  Hewitt. 

December  16th. — The  Electrical  Process  of  Annealing  Armor  Plates  in  the 
Construction  of  War-ships.    Charles  J.  Dougherty. 

Estimate  of  expenses  for  1900  compared  with  corresponding  items  for  1899  : 

Expenditures  Estimates  for 

for  1899.  1900. 

Salaries $1,546  39  $1,650  00 

Proceedings 1,352  85  1,000  00 

House 1,669  56  1,700  00 

House  improvements 200  00 

Luncheons 702  00  750  00 

Office 567  70  500  00 

Library 74  78  200  00 

Information 99  68  75  00 

$6,012  96  $6,075  00 

Respectfully  submitted, 

Francis  Schumann,  President. 
L.  F.  Kondinklla,  Secretary. 
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Report  of  the  Treasures  fob  the  Fiscal  Year  1899. 


Receipts. 

Initiation  Fees  (37) $185  00 

1898  Dues 150  00 

18D9Dues 4,537  50 

1900  Dues 580  00 


-$5,452  50 


Proceedings     (Advertise- 
ment*)      $607  84 

Proceedings  (Sales) 87  96 

755  80 

Interest  on  Deposits 32  49 

Interest  on  Investment 15  00 

Keys  (sold) 3  85 

SHdes(sold) 5  10 

Typewriter  (sold) 27  50 

Telephone. * 2  60 

Billiards 78  43 


Total  Receipts $6,373  27 

Cash  Balance,  Dec.  31, 1898 875  01 


Expenditure*. 

Salaries: 

Secretary $240  00 

Treasurer 60  00 

Clerks 773  89 

Janitor 472  50 


-$1,546  39 


House: 

Rent $1,100  00 

Coal 85  25 

Gas 72  60 

Ice 29  46 

Repairs 92  62 

Supplies 221  85 

Telephone 67  78 

$1,669  56 

Office  Expenses 567  70 

Proceedings 1,352  85 

Information  Committee 99  68 

Library 74  79 

Luncheons 702  00 

Billiards 28  90 

Dues  Refunded  (1898) 10  00 

Total  Disbursements. . .  .$6,051  87 
CASH  BALANCE  DEC.  31, 1899,  1,196  41 


$7,248  28  $7,248  28 

Respectfully  submitted, 

Geo.  T.  Gwilliam,  Treasurer. 

We  have  examined  the  books  and  accounts  of  the  Treasurer,  compared  them  with 
the  original  vouchers,  checks,  and  bank-books,  and  find  them  to  correspond  with 
the  Treasurer's  statement  as  submitted  above. 


[Signed] 


James  Christie,   *) 

W.  P.  Dallett,     \  Auditors. 

H.  W.  Spangler,  J 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

1122  Girard  Street 


OFFICERS  FOR  1QOO 


Term  Expire*  January,  1901 
HENRY  LEFFMANN 


MINFORD  LEVIS 


JAMES  CHRISTIE 


President 
EDGAR  MARBURG 


Vice-Presidents 


Director* 
Term  Expire*  January,  1901 

W.  PENN  EVANS 

Term  Expire*  January,  190$ 

EDWIN  F.  SMITH 

Secretary 
L.  F.  RONDINELLA 

Treasurer 
GEORGE  T.  GWILLIAM 


Term  Expire*  January,  190t 
LOUIS  Y.  SCHERMERHORN 


HARRISON  SOUDER 


CHARLES  PIEZ 


8TANDING  COMMITTEES  OF  BOARD  OF  DIRECTORS 

Finance—  Edwin  F.  Smith,  Henry  Lrffmann,  Minford  Levis. 
Membership—  Charles  Piez,  James  Christie,  Harrison  Souder. 
Publication— Henry  Leffmann,  James  Christie,  Edwin  F.  8mith. 
Library—  Harrison  Souder,  Louis  Y.  Schermerhorn,  W.  Penn  Evans. 
Information— Louis  Y.  Schermerhorn,  Charles  Piez,  Minford  Levis. 
Home— Minford  Levis,  W.  Penn  Evans,  Edwin  F.  Smith. 


SPECIAL  COMMITTEES  OF  THE  CLUB 

Relation*  of  the  Engineering  Profe**ion  to  the  Public— John  Birrinbins,  Chairman. 
New  Club  Hou*e—W.  Copbland  Furber,  Chairman. 


MEETINGS 

Annual  Meeting— 3d  Saturday  of  January,  at  8  p.m. 

Stated  Meetings — 1st  and  3d  Saturdays  of  each  month,  at  8  P.M.,  except  between  the 

fourteenth  days  of  June  and  September. 
Business  Meetings — When  required  by  the  Constitution  or  By-Laws,  when  ordered 

by  the  President  or  the  Board  of  Directors,  or  on  the  written  request  of  five 

Active  Members  of  the  Club. 
The  Board  of  Directors  meets  at  4  p.m.  on  the  3d  Saturday  of  each  month,  except 

July  and  August. 
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Editors  of  other  technical  journals  are  inrited  to  reprint  articles 
from  this  journal,  provided  due  credit  be  given  the  Pbocbediko8. 

PROCEEDINGS 

OF 

The  Engineers'  Club 

OF   PHILADELPHIA.' 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  »,  1892. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  publications. 

VoL  XVIL  MAY,  J900.  No.  2. 


THE  UTILIZATION  OF  BACTERIA  AND  BACTERIOLOGIC 
METHODS  IN  SANITARY  ENGINEERING. 

A.  C.  ABBOTT. 

Read  February  5,  1900. 

In  response  to  a  courteous  invitation  I  have  the  honor  to  address 
The  Engineers'  Club  this  evening  on  a  subject  that  is  attracting  a 
great  deal  of  attention,  not  only  on  the  part  of  engineers,  but  the 
general  public  as  well :  namely,  the  utilization  of  bacteria  and  bacteri- 
ologic  methods  in  sanitary  engineering. 

Because  of  the  conspicuous  place  that  has  been  given  to  this  subject 
in  sanitary  literature  during  the  past  few  years  an  impression  is  more 
or  less  prevalent  that  there  is  something  new  in  the  utilization  of 
bacteria  for  the  destruction  of  organic  waste.  I  propose  this  evening 
to  convince  you  that  there  is  nothing  new  in  the  process.  It  is,  as  we 
say,  "as  old  as  the  hills,"  and  has  been  in  operation  over  the  surface 
of  the  earth  for  all  time ;  but  the  applications  that  are  being  made  of 
it  and  the  devices  of  engineers  to  favor  this  process  to  its  greatest 
extent  are  in  some  cases  new,  and  it  is  to  certain  of  these  devices  that 
I  call  your  attention. 

As  you  are  aware,  all  dead  things,  be  they  animal  or  plant,  natur- 
ally disappear  after  a  time,  and  this  disappearance  is  due  to  the 
1  47 
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activities  of  the  microscopic  plants  omnipresent  in  the  surface  of  the 
soil,  the  water,  etc.,  that  we  call  bacteria.  This  removal  of  dead 
organic  matters  by  bacteria  consists  in  the  conversion  of  their  highly 
complicated  chemical  structures  into  simpler  forms  that  serve  as  food 
for  higher  plants.  We  may,  therefore,  regard  the  superficial  soil  as 
nature's  great  laboratory,  in  which  this  important  operation  is  at  all 
times  in  active  progress. 

When  we  consider  the  functions  of  the  sanitary  engineer,  there  can 
be  little  question  that  those  of  highest  moment  to  the  welfare  of  the 
community  are  concerned  with  the  questions  of  water-supply  and  the 
disposal  of  waste. 

In  connection  with  water-supplies  and  the  methods  of  purifying 
water  we  find  that  those  methods  adopted  by  the  sanitary  engineers 
which  have  given  the  greatest  satisfaction  are  closely  imitative  of  pro- 
cesses that  are  naturally  in  operation.  We  find  that  for  about  half 
a  century  the  best  of  these  methods  has  been  in  successful  employ- 
ment. It  is,  however,  only  comparatively  recently — within,  say,  the 
past  fifteen  or  eighteen  years — that  the  principles  involved  have  been 
understood.  It  is  superfluous  for  me  at  this  time  to  enter  into  the 
structural  details  of  the  devices  employed  for  what  we  understand  as 
the  purification  of  water  by  natural  filtration.  This  is  doubtless 
familiar  to  you  all.  Briefly  stated,  they  consist  fundamentally  of  a 
bed  of  sand  that  will  permit  of  the  uniform  passage  of  water  through 
it  at  a  rate  that  experience  has  shown  to  be  most  favorable  to  purifica- 
tion. There  is  no  doubt  that  the  observation  that  gave  rise  to  this 
method  was  one  that  we  may  make  at  any  time  by  observing  the 
alteration  that  ordinary  surface  and  superficial  soil  waters  undergo  in 
passing  naturally  through  the  soil  to  appear  as  springs  or  to  feed  wells. 
If  analyses  be  made  of  these  surface  and  soil  waters,  and  similar 
analyses  be  made  simultaneously  of  the  waters  of  neighboring  springs 
and  wells,  we  shall,  as  a  rule,  find  that  the  water  in  percolating 
through  the  ground  has  undergone  important  changes,  which  changes 
are  generally  comprehended  in  the  terra  purification.  Before  our 
knowledge  of  bacteriology  had  reached  its  present  development  these 
alterations  were  regarded  as  entirely  chemical :  that  is,  the  destruction 
of  organic  matters  in  the  waters  was  looked  upon  as  simply  a  change 
due  to  the  process  of  oxidation.  The  part  played  by  living  organisms 
in  bringing  it  about  was  not  recognized  as  of  importance.     With  the 
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progress  of  knowledge  and  the  elaboration  of  trustworthy  bacterio- 
logic methods  it  very  soon  became  apparent  that  this  process  of  puri- 
fication was  complicated,  most  interesting,  could  be  relied  upon,  could 
be  artificially  duplicated,  and  was  one  that  was  fundamentally  always 
due  to  living  microorganisms.  It  is  instructive  to  follow  closely  the 
process  from  its  beginning  to  its  end.  This  may  be  done  by  observing 
the  "  ripening "  of  a  new  filter.  For  instance,  if  polluted  water  be 
passed  upon  a  freshly  prepared  sand-bed,  there  is  not  at  once  any 
purification  observable  in  the  filtrate,  and,  indeed,  several  days  may 
elapse  before  such  purification  begins.  If  the  filtration  be  continued, 
we  will  notice — after  two,  three,  or  four  days,  as  the  case  may  be — 
that  the  filtrate  becomes  not  only  perfectly  clear  and  transparent,  but 
that  it  is  beginning  to  differ  both  chemically  and  biologically  from  the 
raw  water.  If  the  process  be  continued  undisturbed,  we  will  also 
note  that  this  change  increases  until  a  point  that  may  be  called  the 
maximum  of  efficiency  is  reached.  This  maximum  will,  in  turn,  con- 
tinue for  a  variable  time,  according  to  circumstances,  when  it  will  be 
noted  that  the  amount  of  water  coming  through  the  filter  is  diminish- 
ing, and  ultimately  so  little  will  pass  through  it  that  the  filter  can  not 
any  longer  be  regarded  as  a  practical  process  for  supplying  the 
necessary  amount  of  pure  water.  When  this  point  is  reached,  if  all 
water  be  drawn  from  that  filter,  and  the  sand  of  which  it  is  constructed 
be  examined,  we  shall  find  a  condition  that  at  once  shows  us  through 
what  agencies  the  purification  has  taken  place.  We  will  find  that  on 
the  surface  of  the  sand  is  a  more  or  less  dense  deposit  of  living 
vegetable  matter,  consisting  principally  of  masses  of  bacteria  growing 
together  as  a  jelly-like  or  felt-like  layer,  in  which  layer  is  entangled 
practically  all  of  the  suspended  matters  that  the  raw  water  contained. 
We  will  find  that  this  layer  of  living  microorganisms  is  not  only  upon 
the  surface  of  the  filter,  but  that  it  extends,  for  some  distance  down 
into  the  sand.  If  we  will  now  recall  the  history  of  this  filter,  we  will 
see  that  when  newly  constructed,  no  purification  occurred ;  that  as 
water  continued  to  percolate  through  it,  purification  was  at  first  made 
manifest  to  a  slight  extent,  and  then  rapidly  increased.  This  can  lead 
to  but  one  conclusion  :  namely,  that  the  sand  itself  is  not  after  all  the 
real  filter,  but  is  only  the  framework  on  which  the  real  filter  forms, 
and  that  the  real  filter  comprises  the  impurities  that  were  contained  in 
the  water  to  be  purified,  the  most  important  of  which  are  the  living 
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bacteria.  When  we  examine  these  bacteria  by  proper  methods,  we 
will  find  that  they  are  made  up  of  a  great  variety  of  species,  some  of 
which  have  the  property  of  decomposing  ordinary  organic  matters 
into  their  end-products,  which  are  principally  ammonia  and  carbonic 
acid,  while  other  species  have  the  property  of  oxidizing  this  ammonia 
into  nitrous  and  nitric  acids.  It  is  owing  to  the  activities  of  these 
two  groups  of  bacteria  that  we  find  those  waters  purified  in  this 
artificial  device,  as  well  as  those  waters  purified  by  percolating 
naturally  through  the  soil,  to  be  always  poor  in  organic  matters  and 
rich  in  the  nitrates,  which  are  the  results  of  decomposition  and  nitri- 
fication brought  about  by  the  living  microorganisms.  In  other  words, 
in  our  artificially  constructed  filter-bed  we  have  simply  arranged  con- 
ditions that  simulate  those  observed  naturally  in  the  soil,  but  which 
are  arranged  with  the  definite  object  of  permitting  the  process  to  be 
more  actively  carried  on.  In  brief,  the  results  obtained  by  the  devices 
of  the  sanitary  engineer  for  this  process  of  purification  are,  when  at 
all  successful,  usually  more  successful  from  the  economic  standpoint 
than  those  observed  naturally  in  the  soil. 

If  the  device  for  favoring  the  purification  of  water  by  this  natural 
process  be  correctly  adjusted  to  the  conditions,  experience  has  shown 
that  it  can  be  relied  upon  to  furnish  a  filtrate  from  which  60  to  70  per 
cent,  of  all  the  organic  matters  have  been  removed  by  the  biologic 
phenomena  mentioned,  and  from  which  all  suspended  inert  matters 
as  well  as  over  ninety-nine  per  cent,  of  living  bacteria  are  removed  by 
the  simple  process  of  straining.  You  see  from  this  statement  that  even 
wheo  operating  under  the  most  favorable  conditions  consistent  with 
economy,  and  satisfactory  from  the  sanitary  standpoint,  there  is  always 
in  the  filtrate  not  only  a  portion  of  dissolved  organic  matter,  but  also  a 
few  bacteria.  In  consequence  of  this,  the  question  has  frequently  arisen 
as  to  whether  water  purified  in  this  way  would  support  the  growth  of 
disease-producing  bacteria  should  they  pass  through  the  filter  into  the 
filtered  water.  In  reply  to  this  question  it  is  proper  to  say  that  even 
in  grossly  polluted  waters  the  number  of  specific  disease-producing 
bacteria  is  very  small  as  compared  with  the  ordinary  saprophytic 
forms ;  and  since  the  disease-producing  bacteria  do  not  differ  from  the 
common  bacteria,  so  far  as  filtration  is  concerned,  it  is  fair  to  assume 
that  ordinarily  when  a  filter  is  in  successful  operation  it  is  rare  indeed 
to  find  disease-producing  bacteria  in  the  filtrate.     In  fact,  all  statistics 
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relating  to  the  health  of  communities  receiving  drinking-water  puri- 
fied in  this  way  lead  to  the  belief  that  the  filtered  water  is  dangerous 
only  when  there  has  been  some  disturbance  of  the  normal  operations 
of  the  filter.  It  is  also  probable  that  a  large  part  of  the  small  num- 
ber of  bacteria  in  the  filtered  water  get  there  after  the  water  has 
traversed  the  filter.  Should  disease-producing  bacteria  gain  access  to 
the  filtered  water,  they  are  forced  to  compete  for  their  nutrition, 
which  we  now  know  is  limited,  with  a  group  of  much  hardier  micro- 
organisms that  are  normally  present  in  water,  and  therefore  the  gen- 
eral feeling  is  that  they  do  not  retain  their  vitality  for  any  great 
length  of  time.  It  is  proper  to  state,  however,  that  no  process  of 
filtration  is  perfect,  and  that  no  process  of  filtration  gives  absolute 
insurance  against  the  occasional  invasion  of  the  water  by  dangerous 
substances,  any  more  than  do  the  conditions  found  in  nature  warrant 
the  opinion  that  spring-waters  are  always  and  everywhere  perfectly 
free  from  danger;  but  all  experience  on  the  subject,  which  is  now 
very  large,  supports  the  opinion  that,  when  properly  managed  under 
scientific  supervision,  this  method  of  purifying  water  may  be  regarded 
as  one  of  the  best,  if  not  the  very  best,  of  the  artificial  processes 
employed. 

But  the  work  of  the  engineer  is  not  by  any  means  complete  when 
the  community  has  been  supplied  with  satisfactory  water.  After  this 
water  has  been  employed  for  various  domestic,  industrial,  and  munici- 
pal purposes,  much,  if  not  all,  of  it  reappears  in  the  form  of  sewage 
carrying  the  waste-products  characteristic  of  the  numerous  uses  to 
which  it,  when  in  the  stage  of  pure  water,  had  been  put.  The  dis- 
posal of  this  mass  of  effete  waste  matters  is,  if  anything,  more  of  an 
engineering  problem  than  the  furnishing  of  a  pure  supply  of  water. 
In  approaching  this  problem  the  engineer  is  confronted  with  two 
considerations  that  invariably  influence  the  methods  adopted  for  its 
solution  :  namely,  the  economic  and  the  sanitary. 

Without  entering  into  a  historic  review  of  the  various  methods  that 
have  been  employed  and  abandoned  for  the  purification  of  sewage,  it 
suffices  to  say  that  they  may  be  roughly  classified  for  our  purposes  as 
artificial  and  natural,  both  comprising  numerous  devices  that  differ 
from  one  another  according  to  the  views  of  the  engineer  proposing 
them.  The  majority  of  the  artificial  methods  aim  at  the  separation 
of  the  offensive  organic  matters  in  the  sewage  by  various  processes  of 
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precipitation  or  sedimentation,  the  clear  or  partly  clarified  supernatant 
liquid  being,  as  a  rule,  allowed  to  flow  either  directly  or  indirectly 
into  a  neighboring  watercourse.  There  have  always  been  a  number 
of  objections  to  these  processes,  for  the  reasons  that  they  are  expensive ; 
the  sewage  is  but  partly  purified,  from  the  sanitary  aspect;  they  neces- 
sarily mean  a  great  accumulation  of  sludge  that  is  always  difficult  to 
dispose  of;  and  since  they  involve  the  use  of  chemical  substances, 
they  are  thereby  often  operative  in  checking  those  natural  biologic 
phenomena — to  be  referred  to  later— on  which  so  much  reliance  is  now 
placed  for  getting  rid  of  these  matters  in  the  most  effective  manner. 
In  consequence  of  these,  and  possibly  other,  objections  the  older  pro- 
cesses of  this  character  are  now  held  in  much  less  favor  by  sanitary 
engineers  than  are  several  of  the  so-called  natural  methods. 

By  the  natural  processes  are  meant  those  that  aim  to  place  the  waste 
matters  under  conditions  that  are  most  favorable  to  the  operation  of 
those  living  agents  through  the  activities  of  which  all  dead  organic 
matters  are  disintegrated,  decomposed,  and  caused  to  disappear  from 
the  earth's  surface :  that  is  to  say,  the  microscopic  plants  generically 
referred  to  as  bacteria. 

Of  the  natural  processes,  that  of  disposal  of  sewage  by  way  of 
watercourses  and  that  of  irrigation  upon  the  soil  are  perhaps  the  most 
familiar.  In  the  former  we  observe  not  only  the  chemical  results 
of  oxidation  and  precipitation,  but  the  purifying  action  of  the  micro- 
scopic animals  and  plants  in  the  water  and  in  the  sewage  itself,  the 
purification  being  due  to  their  using  up  the  organic  matters  as  food; 
but  we  observe,  in  addition,  the  favorable  influence  of  dilution  as 
well,  so  that  ultimately  a  watercourse  into  which  sewage,  in  not  too 
great  an  amount,  is  emptied  will  return  to  a  condition,  chemically 
speaking,  fairly  comparable  to  that  which  it  possessed  before  pollu- 
tion, providing,  of  course,  that  no  further  contamination  occurs  down- 
stream. From  this  it  might  appear  that  there  is  no  objection  to  the 
disposal  of  sewage  in  this  manner.  Such  a  conclusion,  however,  is 
unwarranted,  for  there  are  objections  of  sufficient  gravity  to  justify 
the  abandonment  of  this  method  if  any  other  satisfactory  plan  is  avail- 
able. Thus,  for  instance,  unless  the  current  of  the  stream  into  which 
the  sewage  is  poured  be  unusually  rapid,  there  is  a  deposition  of  in- 
soluble matters  carried  by  the  sewage;  there  is  often,  especially  when 
the  sewage  is  concentrated,  destruction  of  animal  life  in  the  stream, 
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and  sewage  carrying  the  waste-products  from  certain  industries  always 
has  this  effect ;  there  is  a  manifest  infringement  of  the  rights  of  indi- 
viduals or  of  communities  residing  further  down  the  stream,  who 
may  be  forced  to  use  the  water  as  their  only  source  of  supply;  and, 
finally,  even  though  a  sewage-polluted  stream  may  ultimately  undergo 
a  certain  degree  of  chemical  purification  in  the  course  of  its  flow,  it  has 
partaken,  through  the  contamination  by  water  from  human  habita- 
tion, of  an  infective  quality  that  often  does  not  readily  disappear,  and 
that  is  certain  at  one  time  or  another  to  menace  the  health  of  those 
using  it  for  domestic  purposes. 

When  sewage  is  allowed  to  flow  into  streams  near  the  sea,  the  oscil- 
lations of  the  tide  often  prevent  its  complete  removal ;  as  the  tide 
ebbs  and  flows  the  mass  of  waste  material  is  washed  back  and  forth, 
and  remains  practically  where  it  is  deposited,  the  solid  particles  slowly 
sinking  to  foul  the  bottom,  some  of  the  organic  matters  collecting 
along  the  shores  and  putrefying,  and  the  whole,  as  a  rule,  becoming 
often  a  permanent  nuisance.  When  deposited  in  the  sea  at  a  point 
where  a  current  exists,  sewage  is  rapidly  swept  away,  diluted,  and 
disposed  of  without  offense. 

In  the  process  of  irrigation,  both  superficial  and  subsoil,  we  have, 
from  the  sanitary  standpoint,  an  ideal  method  when  all  details  of  con- 
struction have  been  carefully  considered,  and  when  everything  is 
working  satisfactorily  ;  but  there  are  objections  to  these  plants  also. 

When  in  successful  operation,  we  find  the  purification  that  sewage 
undergoes  by  percolating  through  the  soil  of  a  properly  constructed 
and  manipulated  irrigation  field  to  be  essentially  that  purification 
which  we  observed  in  water  purified  by  its  passage  through  a  "  ripe  " 
sand-bed.  The  two  processes  differ  only  quantitatively:  that  is  to 
say,  there  is  much  more  work  to  be  done  with  the  sewage  than  with 
the  water.  In  consequence,  the  methods  of  operation  differ  in  certain 
details  from  one  another.  As  in  the  case  of  the  water,  we  observe  in 
the  purification  of  sewage  by  this  plan  the  accumulation  of  living  and 
dead  suspended  matters  upon  the  surface;  the  decomposition  and 
nitrification  of  the  organic  matters ;  the  separation  of  living  and  dead 
suspended  matters  by  the  process  of  straining;  and,  finally,  we  obtain 
an  effluent  that  is  from  all  standpoints  incomparably  better,  both 
chemically  and  biologically,  than  that  obtainable  by  any  other  method. 
Why,  then,  is  this  not  the  universally  adopted  plan  ?     For  several 
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reasons,  of  which  the  following  are  the  most  important:  All  soils  do 
not  readily  lend  themselves  to  the  process,  and  many  are  not  naturally 
suited  to  it  at  all ;  the  area  required  is,  relatively  speaking,  so  great  as 
to  make  this  method  impracticable  for  most  large  communities;  since 
irrigation  is  practised  intermittently, — that  is,  but  for  a  certain  num- 
ber of  hours  daily, — and  even  then  can  not  be  practised  for  an 
indefinitely  long  time  upon  the  same  field,  the  reserve  area  that  is  to 
be  used  when  a  field  is  "resting"  requires  still  further  outlay  in  the 
cost  of  the  plant;  and,  finally,  the  results  obtained  when  the  ground 
is  frozen,  and  uniform  filtration  and  bacterial  activity  are  thereby 
diminished,  are  less  satisfactory  in  winter  than  in  summer.  Of  the 
objections  enumerated,  that  relating  to  the  area  required  for  the  work 
is  usually  the  most  serious. 

To  meet  these  objections  a  number  of  new  devices  have  been 
suggested  within  the  past  few  years.  In  general,  these  aim  to  so 
favor  bacterial  activity  in  the  sewage  that  the  objectionable  organic 
matter  may  be  rapidly  eliminated  at  a  moderate  cost  in  a  plant  occupy- 
ing a  comparatively  limited  area.  Of  these  devices  I  shall  mention 
but  one :  namely,  that  generally  known  as  the  "  septic  tank  process  of 
Cameron/'  since  it  will  serve  to  illustrate  the  principles  that  are 
involved. 

If  you  will  recall  for  a  moment  the  biologic  phenomena  in  operation 
in  the  process  of  purification  by  filtration  through  a  sand-bed  or  by 
irrigation  through  soil,  you  will  remember  that  the  object  aimed  at 
was  to  favor  a  primary  decomposition  of  the  organic  matters  into 
their  end-products  and  a  subsequent  nitrification  of  the  most  important 
of  these  end-products  into  inert  substances  of  an  inorganic  nature: 
namely,  nitrates  and  nitrites.  You  will  recall,  also,  that,  even 
under  the  most  favorable  conditions  available  at  the  time,  the  conver- 
sion of  organic  into  inorganic  matter  is  incomplete;  and  that  often 
there  is  an  accumulation  upon  the  surface  of  the  sand  or  the  soil  of  a 
mass  of  undecomposed  substances  that  check  percolation,  and  that 
must  be  removed  by  mechanical  means  before  the  process  can  be 
resumed.  You  will  further  recall  that  in  the  case  of  sewage  its  appli- 
cation to  the  field  is  always  intermittent,  this  being  necessary  in  order 
to  aerate  the  soil  and  to  supply  certain  species  of  bacteria  with  the 
oxygen  so  necessary  to  the  proper  performance  of  their  purifying 
functions. 
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In  the  newer  processes  of  which  I  am  about  to  speak  still  another 
peculiarity  of  particular  species  of  bacteria  is  taken  into  consideration 
and  utilized,  and  an  understanding  of  this  is  essential  to  the  correct 
interpretation  of  certain  steps  in  these  processes. 

It  was  Pasteur  who  first  called  attention  to  the  existence  of  bacteria 
that  not  only  live  and  perform  all  their  vital  functions  without 
the  use  of  free  oxygen,  but  to  the  activities  of  which  species  free 
oxygen  is  actually  detrimental.  Many  of  these  species  are  constantly 
to  be  found  in  crude  sewage,  and  on  closer  study  of  their  peculiari- 
ties it  is  discovered  that  they  possess  one  in  particular  that  is  of  the 
greatest  importance  to  the  process  of  purification,  providing  the  sew- 
age can  be  placed  under  conditions  favorable  to  the  life  of  these 
anaerobic  species. 

Without  entering  into  the  chemical  details,  it  is  enough  to  say  that 
this  important  function  consists  in  their  power  to  attack,  disintegrate, 
and  liquefy  (digest,  so  to  speak)  the  undissolved  particles  of  organic 
substances  in  the  crude  sewage  that  are  so  troublesome  to  handle  by 
any  of  the  ordinary  processes.  With  this  solution  of  the  suspended 
and  the  decomposition  of  the  dissolved  organic  impurities  by  the 
anaerobic  species  the  fluid  mass  is  then  found  by  experience  to  be  in  a 
condition  most  suitable  to  its  successful  purification  by  subsequent 
processes  of  filtration  or  irrigation. 

Cameron  has  taken  advantage  of  these  phenomena  in  his  device, 
now  familiar  to  you  all  under  the  name  of  the  "septic  tank."  In  this 
process  the  crude  sewage  is  allowed  to  flow  very  slowly  into  a  large 
"air-tight"  (?)  chamber,  th^  velocity  being  so  slow  as  to  bring  the 
sewage  almost  to  a  standstill.  In  this  tank  the  insoluble  grit,  dirt, 
and  some  organic  substances  are  deposited,  while  other  lighter  organic 
matters  rise  to  the  surface  in  the  form  of  a  more  or  less  dense  scum. 
Since  crude  sewage  carries  no  dissolved  oxygen  ;  since  as  much  air  as 
possible  is  excluded  from  the  chamber,  and  since  the  gases  arising 
from  the  decomposition  of  the  sewage  force  out  such  air  as  was  in  the 
tank,  it  is  evident  that  the  anaerobic  species  at  home  in  the  sewage 
find  in  the  tank  conditions  favorable  to  their  activities,  as  is  manifest 
by  the  progressive  disintegration  of  the  surface  pellicle  and  of  the 
masses  of  organic  matters  upon  the  bottom. 

When  the  activities  of  the  anaerobic  species  of  bacteria  have  been 
in  successful  operation  for  a  sufficient  length  of  time, — which  is  deter- 
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mined  by  experience,  varying  with  the  character  of  the  sewage, — the 
liquid  is  passed  slowly  from  the  septic  tank  upon  filters  composed  of 
such  porous  materials  as  coke,  slag,  breeze,  etc.,  arranged  to  favor  the 
•  biologic  activities  of  those  bacteria  which,  as  regards  oxygen,  are  just 
the  opposite  of  those  in  operation  in  the  tank :  namely,  the  aerobic 
species.  Among  the  aerobic  bacteria  is  that  important  group  which, 
so  to  speak,  puts  the  finishing  touches  to  the  process :  namely,  the 
nitrifying  species. 

The  result  of  this  composite  plan  is  that  from  crude  sewage  an 
effluent  is  quickly  obtained  from  which  a  very  large  proportion  of 
the  organic  matters,  both  dissolved  and  suspended,  has  been  removed, 
and  which,  in  general, — in  England,  at  least, — has  met  with  the 
chemical  standard  legally  set  for  such  substances  before  they  are  per- 
mitted to  enter  a  watercourse. 

The  process,  while  being  a  bacteriologic  purification,  does  not  sup- 
ply an  effluent  free  from  bacteria;  nor  even  one  poor  in  bacteria, as  is 
the  case  with  properly  adjusted  broad  irrigation  ; — but  an  effluent 
that  is  enormously  rich  in  bacteria.  Fortunately,  this  effluent,  being 
comparatively  poor  in  food,  many  of  the  bacteria  contained  in  it 
probably  die  from  want  of  nutrition.  Should  disease-producing  bac- 
teria be  present,  which  must  at  times  be  the  case,  it  is  questionable  if 
they  find  conditions  favorable  to  a  long  life,  although  it  must  be  ad- 
mitted that  their  temporary  presence  in  a  stream  is  always  to  be 
regarded  as  a  menace  to  the  public  health.  Though  this  is  an  objec- 
tion to  the  process,  it  is  nevertheless  one  very  easily  eliminated,  since 
we  now  know  that  an  effluent  of  this  character  is  very  easily  and 
economically  handled  by  such  processes  as  filtration  through  sand  or 
broad  irrigation,  which  will  furnish  an  effluent  from  which  practically 
all  bacteria  have  been  removed. 

Of  the  numerous  other  processes,  such  as  the  Dibdin,  the  Scott- 
Moncrieff,  the  Lowcock,  the  Waring,  etc.,  I  shall  not  speak,  since 
much  of  your  time  has  already  been  consumed.  It  suffices  to  say  that 
some,  like  the  Cameron  process,  rely  upon  the  action  of  bacteria  alone, 
while  others,  aiming  to  do  better  than  can  be  done  by  bacteria  un- 
aided, actually  defeat  their  objects  by  the  introduction  of  practices 
that  in  a  way  check  bacterial  activity;  the  preliminary  precipitation 
with  coagulants,  for  instance,  in  the  Dibdin  process  may  be  taken  as 
an  example  of  this.     In  few,  if  any,  of  them  do  we  find  the  finer  dis- 
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tinctioos  between  the  various  bacterial  functions  so  intelligently 
recognized  and  systematically  utilized  as  in  the  Cameron  process. 

To  summarize  briefly,  then,  we  find  : 

That  the  most  successful  processes  for  the  purification  of  both  water 
and  sewage  are  those  that  conform  closely  to  phenomena  everywhere 
in  operation  in  nature.    . 

That  through  the  action  of  bacteria  both  water  and  crude  sewage 
may  be  so  purified  as  to  conform  to  rigid  sanitary  requirements. 

That  this  phenomenon  is  composite,  and  may  be  roughly  conceived 
as  a  primary  decomposition,  and  subsequent  nitrification  by  bacteria,  of 
the  organic  matters  contained  in  the  fluids. 

That  no  matter  how  rich  in  bacteria  water  or  the  effluent  from  the 
sewage  purification  plant  may  be,  it  may  be  deprived  of  about  ninety- 
nine  per  cent,  of  these  bacteria  by  filtration  through  sand  or  by  prop- 
erly arranged  irrigation. 

And  that,  finally,  neither  the  sand  of  the  filter  nor  the  materials 
comprising  the  soil  are  the  real  filter  or  purifying  agents,  but  that  the 
latter  are  always  the  living  impurities,  contained  in  the  fluid  being 
treated,  that  accumulate  in  the  upper  layers  of  the  sand  or  soil  and 
do  the  work.* 

DISCUSSION. 

William  Easby,  Jr. — Even  casual  readers  of  engineering  literature,  particu- 
larly that  which  appears  in  periodical  form,  must  have  been  impressed  by  the  prom- 
inence which  has  been  given  in  the  last  few  years  to  the  biologic  side  of  sanitary 
engineering.  A  retrospective  glance  at  municipal  sanitation  in  this  country 
shows,  however,  that  we  have  not  been  slower  in  adopting  better  sanitary 
methods  than  might  reasonably  have  been  expected. 

The  progressive  increase  in  this  country  in  urban  population  from  about  three 
percent  of  the  total  in  1790  to  about  thirty-four  per  cent,  at  the  present  time  ; 
the  wider  dissemination  of  knowledge  pertaining  to  transmissible  diseases,  par- 
ticularly statistical  matter ;  the  necessity  for  protecting  our  water-supplies  from 
sewage  and  other  contamination,  and  of  securing  such  protection  at  a  cost 
within  the  financial  resources  of  municipalities ;  and,  not  least,  certain  esthetic 
considerations,  all  are  causes  which  have  in  the  last  decad  operated  powerfully  to 
bring  about  certain  bacteriologic  and  chemical  investigations  having  for  their 
ultimate  object  the  determination  of  the  most  practicable  methods  for  the  purifi- 

*  An  excellent  presentation  of  the  several  foregoing  processes  is  to  be  found  in 
"  The  Second  Report  of  the  Sewage  Commission  of  the  City  of  Baltimore,"  1899. 
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cation  of  water  and  of  sewage  on  such  a  scale  as  is  required  by  populous 
districts. 

In  the  United  States  the  most  important  investigations  of  this  nature  are  those 
made  by  the  Massachusetts  State  Board  of  Health.  When  this  body  commenced 
its  labors  thirteen  years  ago,  very  little  was  known  by  sanitary  engineers  of  the 
natural  method  of  purification  of  organically  contaminated  waters.  What  was 
known  at  that  time  respecting  this  method  was  confined  to  a  comparatively  small 
number  of  investigators,  whose  work  for  several  years  was  so  largely  tentative  in 
its  nature  that  it  indicated  the  uncertainty  with  which  they  approached  the 
subject.  The  special  report  of  the  Massachusetts  State  Board  of  Health  of  1 890, 
on  water  and  sewage  purification,  was  eagerly  sought,  aud  it  gave  to  many 
engineers  in  this  country  the  first  definite  idea  of  the  processes  of  natural  purifi- 
cation of  water  and  of  sewage.  Prior  to  this,  not  a  little  had  appeared  on  the 
same  subject  both  in  England  and  on  the  Continent,  but  it  did  not  find  a  very 
wide  circulation  here,  as  it  antedated  the  present  period  of  general  interest  in 
sanitation,  and  was  not  always  easily  available. 

With  the  full  results  of  all  important  experimental  work  before  us,  and  the 
conclusions  drawn  therefrom,  statements  of  a  conflicting  nature  appear,  but  less 
frequently  now  than  in  the  past.  This  growing  consensus  of  opinion  and  the 
observed  results  of  practice  have  given  sanitary  engineers  a  confidence  in,  and  an 
appreciation  of,  the  work  of  the  bacteriologist,  and  we  now  find  the  two  associated 
on  all  sanitary  works  of  importance.  Specialized  experimental  bacteriology, 
developed  both  on  its  biologic  and  its  chemical  side,  has  largely  fixed  the  general 
form,  capacity,  and  manner  of  operating  water-purification  and  sewage-disposal 
plants,  and  has  also  determined  the  suitability  of  certain  filtering  and  straining 
materials  to  be  used  therein,  and  many  other  questions,  most  of  which  are  of 
greater  moment  than  those  which  are  involved  in  the  mere  construction  of  such 
plants. 

The  abandonment  or  modification  of  old  methods  and  practices  for  those  which 
are  new  is  always  slow,  even  when  the  former  are  recognized  as  unsatisfactory 
and  expensive.  There  is,  among  sanitary  engineers,  however,  a  rapidly  growing 
belief  that  the  process  of  disposal  of  organic  wastes  which  most  closely  resembles 
that  employed  in  natural  purification  will  be  the  most  successful  and  economic 
This  belief  is  based  on  the  recognition  that  sewage  matter  contains  within  it 
certain  vegetable  organisms  which  are  capable,  when  surrounded  by  natural 
environments,  of  breaking  up  complex  organic  compounds,  and  finally  of  mineral- 
izing them  ;  hence  any  treatment  which  acts  antiseptically,  such  as  the  chemic 
precipitation  of  sewage,  can  not  be  expected  to  give  a  satisfactory  effluent  We 
are  indebted  to  the  science  of  bacteriology  for  the  discovery  and  exposition  of 
these  fundamental  laws.  Bacteriology  is  still  a  new  science.  Those  who  are 
best  qualified  to  form  an  estimate  of  its  practical  value  in  sanitary  questions  are 
most  sensible  of  its  present  limitations  and  of  the  very  unsatisfactory  state  of  its 
technic,  which  demands  standardization  most  urgently,  but  even  with  these 
defects  it  has  rendered  a  service  to  sanitary  engineering  which  is  too  often 
underestimated. 
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John  C.  Trautwine,  Jr. — There  is  a  strong  popular  prejudice  against  the 
use  of  purified  impure  water  for  domestic  purposes ;  and  inasmuch  as  the  local 
administration  has  decided  upon  that  procedure,  it  is  important  that  the  public 
should  be  made  aware  of  the  fact  stated  by  Dr.  Abbott,  that  the  impure  water 
which  flows  past  our  doors  in  the  Delaware  and  Schuylkill  Rivers  can  be  artifici- 
ally made  as  wholesome  and  attractive  or  as  good  as  natural  spring-water,  so  that 
the  criticism  to  which  the  administration  is  subjected  should  be  met  and 
answered. 

Among  the  objections  most  frequently  urged  against  the  filtration  system 
adopted  by  the  administration  is  that  the  operation  can  not  remove  organic 
impurities  in  the  water,  but  Dr.  Abbott  has  explained  how  the  beneficent  bacteria 
in  the  water  attack  and  destroy  these  organic  impurities,  while  most  of  the  bac- 
teria themselves  are  removed  in  a  mechanical  way,  and  the  few  that  escape  are 
carried  away  in  the  sterilized  water,  which  has  been  deprived  of  the  food  neces- 
sary for  their  maintenance. 

Those  who  doubt  the  efficiency  of  filtration  often  ask  what  becomes  of  the  one 
or  two  per  cent,  of  bacteria  passing  through  the  filter,  and  whether  that  very 
small  minority  does  not  immediately  proceed  to  thrive  and  breed,  so  that  the  last 
state  of  that  water  may  be  worse  than  the  first.  Br.  Abbott  has  clearly  explained 
how  the  escaping  few,  finding  themselves  in  almost  sterilized  water,  simply  die 
from  starvation. 

That  would  be  a  sufficient  answer  to  the  question  of  increasing  and  multiply- 
ing, but  the  question  arises,  What  becomes  of  the  dead  bacteria?  The  same 
question  came  up  in  regard  to  the  septic  tank.  Is  not  that  sewage  laden  with  an 
immense  number  of  starved  and  starving  bacteria?  In  drinking-water  the  per- 
centage passing  through  the  filter  is  exceedingly  small. 

I  take  it  that  the  self-purification  of  streams  by  bacterial  action,  which  Dr. 
Abbott  referred  to,  could  hardly  be  expected  to  apply  to  mineral  impurities— 
such,  for  instance,  as  sulphuric  acid — thrown  into  the  river  from  the  coal-mines, 
and  waste  thrown  in  at  places  such  as  Manayunk  and  Lafayette. 

One  point,  briefly  mentioned  by  Dr.  Abbott,  raised  rather  a  serious  question  : 
viz.,  whether  preliminary  steps  in  purification,  prior  to  the  final  filtration,  might 
act  injuriously  by  depriving  the  water  of  that  nutriment  upon  which  the  bene- 
ficial bacteria  are  expected  to  thrive.  This  question,  at  first  sight,  appeared  to 
throw  doubt  upon  the  advisability  of  sedimentation  as  a  preliminary  to  filtration. 
Those  who  are  familiar  with  the  Schuylkill  River  at  times  of  flood  will  be 
strongly  inclined  to  think  that  sedimentation  is  absolutely  necessary  in  our  case ; 
but,  in  the  light  of  what  Dr.  Abbott  has  told  us,  must  we  not  fear  that,  when  we 
remove  the  mineral  matter  brought  down  by  the  river,  we  are  at  the  same  time 
removing  too  much  of  that  food  upon  which  the  activity  of  the  beneficent  bac- 
teria depends? 

Dr.  Abbott's  reference  to  the  success  of  intermittent  filtration  in  the  case  of 
sewage,  as  applied  at  Lawrence,  brings  up  the  question  of  continuous  filtration  as 
applied  to  water.  If  I  recall  correctly,  the  Lawrence  water-filter  plant  is  the 
only  one  in  action  in  this  country  ever  operated  on  the  intermittent  system,  all 
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others  being  continuous.  Indeed,  I  have  the  impression  that  at  Lawrence  they 
have  abandoned  the  intermittent  system  and  resorted  to  continuous  filtration. 
We  naturally  ask,  If  intermittent  filtration  is  so  essential  in  the  purification  of 
sewage,  why  is  it  not  at  least  equally  important  in  connection  with  the  filtration 
of  water? 

I  have  often  wondered  at  the  use  of  the  word  "  nitrification  "  in  describing 
the  process  which  goes  on  in  the  bacterial  destruction  of  organic  matter.  The 
resulting  products  are  first  nitrites  and  then  nitrates,  but  it  seems  strange  that  the 
more  fitting  term  "  oxidation  "  is  not  more  generally  used.  The  process  always 
consists  in  a  progressive  oxidation,  and  the  use  of  the  term  "  nitrification,"  which 
indicates  an  increase  in  the  proportion  of  nitrogen,  therefore  seems  to  me  to  be 
misleading. 

Dr.  Abbott. — I  do  not  remember  all  the  questions  asked  by  Mr.  Trautwine, 
but  felt  very  much  interested  in  his  remarks,  and  will  try  to  answer  some  of  them 
while  Mr.  Trautwine  looks  over  his  list.  The  last  question  might  be  answered 
first — in  regard  to  the  use  of  the  word  "  nitrification."  His  interpretation  of  it 
is  entirely  correct.  It  is  purely  a  process  of  oxidation  of  ammonium  compounds 
into  nitrates.  The  reason  that  the  word  nitrification  is  used  is  that  though  other 
bacteria  are  concerned  in  the  process  of  oxidation,  there  seems  to  be  a  special 
group  which  possesses  the  specific  function. of  converting  ammonium  compounds 
into  nitrates. 

Another  question — as  regards  the  removal  by  bacteria  of  dissolved  organic 
matters.  That  is  exactly  what  bacteria  do.  Will  bacteria  remove  urine  from 
water  ?  Of  course.  Bacteria  are  cultivated  and  studied  in  solutions  of  dissolved 
organic  matter. 

The  reason  of  the  difference  between  the  treatment  of  sewage  and  water  in  that 
respect  is  this  :  sewage  contains  no  dissolved  oxygen.  There  is  quite  sufficient 
dissolved  oxygen  in  natural  water  to  supply  the  microorganisms  in  a  sand-filter. 

I  do  not  know  what  becomes  of  the  dead  bacteria  in  sewage,  unless  they  are 
consumed  by  the  living  bacteria.  In  the  case  of  filtered  waters,  from  which  often 
considerably  over  ninety  per  cent  of  the  bacteria  are  removed,  the  death  of  those 
remaining  in  the  water  affords  so  little  food  as  hardly  to  enable  the  small  number 
of  survivors  to  remain  alive  for  any  length  of  time.  At  Lawrence  a  striking 
diminution  in  the  number  of  bacteria  is  observed  as  the  water  passes  from  the 
filters  to  the  terminal  ends  of  the  mains  in  the  city. 

Ma.  Trautwine. — How  long  the  few  remaining  bacteria  in  the  water  would 
survive  would,  I  suppose,  depend  upon  the  amount  of  nutriment  given  them, 
especially  in  perfectly  sterile  water. 

Dr.  Abbott. — The  question  as  to  how  long  will  microorganisms  live  in  water 
free  from  food  has  been  tested  in  the  laboratory.  Results  in  experiments  of  this 
kind  are  varied,  but  the  general  tendency  is  for  the  microbes  to  live  but  two  or 
three  days,  lloughly  speaking,  somewhere  between  five  and  ten  days  is  the  limit 
of  life  of  microorganisms  in  pure  water. 

The  President. — Only  yesterday  a  cablegram  appeared  in  a  Philadelphia 
paper  regarding  an  investigation  said  to  have  been  reported  to  the  Royal  Society 
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by  Professor  Dewar  and  other  scientists,  showing  the  survival  of  diphtheria, 
cholera,  and  typhoid  bacilli  after  having  been  subjected  to  liquid-air  treatment  for 
prolonged  periods.  It  seems  that  none  of  these  microorganisms  succumbed 
under  this  intense  cold. 

Dr.  Abbott. — Similar  experiments,  with  like  results,  have  been  made  at  the 
University  of  Pennsylvania. 

E.  M.  Nichols. — I  wish  to  ask  one  question  regarding  this  filtering  of  water 
which  we  are  likely  to  have  in  Philadelphia  some  day.  We  will  assume  that  it 
leaves  the  filters  ninety-eight  or  ninety-nine  per  cent,  purer,  so  far  as  bacteria  are 
concerned  :  How  long  could  such  water  stand  without  being  contaminated  in  any 
way  from  the  atmosphere  ? 

Dr.  Abbott. — The  contamination  that  is  transported  by  the  atmosphere  is,  so 
far  as  public  health  is  concerned,  not  serious.  The  greatest  difficulty  with  stor- 
ing filtered  waters  in  reservoirs,  particularly  when  they  are  not  covered,  is  that 
the  growth  of  green  alg®  is  favored.  This  may  cause  bad  odors  or  bad  taste,  or 
both.  When  reservoirs  are  covered  over  and  the  water  is  protected  from  sun- 
light, there  is  no  difficulty  in  this  way. 

Mr.  Trautwine. — Will  not  that  growth  of  vegetation  furnish  food  for  the 
bacteria  that  escape  the  filter  ? 

Dr.  Abbott. — I  can  not  answer  that  question  positively.  It  appears  as  if 
certain  algse  have  the  faculty  of  taking  up  and  utilizing  bacteria. 

Tbe  President. — I  wish  to  ask  a  question  bearing  on  the  present  house 
treatment  of  water  in  Philadelphia.  If  water  be  filtered  and  then  boiled,  is  it 
certain  that  it  will  be  effectively  sterilized  ?  or  is  it  true  that  certain  bacteria  in 
the  spore  stage  will  survive  boiling  ? 

Dr.  Abbott. — With  bacteria  in  the  spore  stage  the  majority  are  destroyed  by 
boiling.  There  are  some  species  which  resist  boiling  for  short  periods.  The 
microorganisms  that  we  fear  in  water  are  easily  killed,  even  by  a  temperature 
much  lower  than  boiling.  A  temperature  of  from  68°  to  70°  C.  will  destroy  the 
life  of  the  typhoid  bacillus  in  ten  minutes. 

With  regard  to  the  treatment  of  water  filtered  by  household  filters, — whether 
it  should  be  previously  boiled  or  not, — the  plan  I  have  always  followed  in  my 
own  house  is  to  have  the  water  filtered  and  subsequently  boiled. 

Harvey  Linton. — I  have  a  question  which  has  some  bearing  on  what  will  be 
done  in  our  town  of  Altoona.  Suppose  that  in  this  effluent  from  the  tank  and 
coke  bed  treatment  the  bacteria  are  not  very  much  diminished :  what  will  be  the 
result  of  turning  that  effluent  into  a  slow-running  stream  ?  How  do  you  expect 
that  to  be  satisfactory  ?    Will  not  that  treatment  give  offense  ? 

Prop.  Abbott. — From  the  analyses  that  are  presented  at  the  English  stations, 
where  this  plant  is  in  operation,  I  should  say  that  the  effluent  from  these  plants 
could  be  ♦turned  into  a  stream  of  almost  any  size  without  trouble,  for  these 
two  reasons :  First,  it  has  been  almost  deprived  of  its  organic  matter  (it  has  not 
all  been  taken  out,  but  a  very  large  proportion  of  it);  and,  secondly,  because  it  is 
so  rich  in  microorganisms  that  the  organic  matter,  as  such,  remaining  will 
quickly  be  used  up.    I  do  not  believe  it  would  be  offensive. 
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The  President. — Ad  interesting  fact  in  that  connection  is  reported  in  the 
current  numbers  of  the  engineering  journals.  A  decision  has  been  recently 
handed  down  by  the  Supreme  Court  of  Connecticut  to  the  effect  that  the  city  of 
Waterbury  will  have  to  purify  its  sewage  sufficiently,  by  a  certain  fixed  date  two 
years  hence,  to  warrant  its  discharge  into  the  adjacent  stream  without  dangerous 
pollution.  This  decision,  it  seems,  is  directly  contrary  to  certain  decisions  ren- 
dered in  like  cases  in  the  West.  It  seems  reasonable,  however,  to  assume  that 
the  legal  right  of  communities  along  the  same  stream  to  this  sort  of  self-protec- 
tion against  each  other  will  in  time  become  generally  recognized.  This  may 
result,  in  turn,  as  it  has  to  some  extent  in  Germany  and  England,  in  restrictive 
measures  on  the  part  of  municipalities  against  the  free  discharge  into  the  sewers 
of  certain  kinds  of  manufacturing  refuse,  especially  such  as  may  be  detrimental 
to  the  purification  system,  whatever  form  the  latter  may  take. 

John  Birkinbine. — We  hear  much  about  bacteriologie  investigations,  but 
the  detailed  knowledge  of  this  work  is  limited  to  comparatively  few  people,  and 
the  more  the  subject  is  investigated,  the  more  firmly  I  am  convinced  of  the 
necessity  of  having  bacteriologie  results  determined  only  by  competent  and  trust- 
worthy persons.  In  chemical  analysis  we  select  certain  chemists,  to  whom  we 
send  ores  or  metals  to  be  determined,  and  others  to  whom  we  assign  water  for 
analysis,  recognizing  that  in  these  lines  they  are  specialists. 

It  is  even  more  important  in  bacteriologie  analysis  that  we  should  have  one 
whose  training  and  practice  entitle  him  to  be  considered  as  a  specialist,  and  whose 
methods  are  above  question.  To  illustrate  :  I  was  present  when  samples  were 
taken  from  a  water-supply  for  bacteriologie  analyses,  to  either  condemn  or 
approve  the  source.  One  person  took  samples  in  bottles,  placed  them  in  a 
satchel,  carried  them  over  a  hundred  miles,  and  certainly  could  not  have  reached 
his  office  in  less  than  eight  hours  from  the  time  the  samples  were  taken ;  and  as 
he  would  reach  his  office  about  midnight  on  Saturday,  it  is  more  probable  that 
the  samples  were  not  treated  until  the  following  Monday.  The  second  person  took 
samples  of  the  same  water  in  carefully  sterilized  bottles,  which  he  kept  packed 
with  ice.  Any  sample  that  had  been  delayed  over  five  hours  between  the  time 
of  its  collection  and  its  arrival  at  the  laboratory  was  discarded,  and  another  one 
was  secured. 

This  is  merely  given  to  illustrate  how  much  depends  upon  careful  sampling, 
as  well  as  upon  the  care  in  determining  results.  If  we  rely  upon  the  bacteriologie 
examination  of  water  to  determine  its  potability,  this  examination  must  be  made 
by  skilled,  conscientious  bacteriologists,  with  excellent  laboratory  facilities,  or 
that  which  would  be  a  source  of  protection  becomes  a  danger.  When  water  is 
filtered  to  remove  the  bacteria,  it  is  essential  that  excellently  equipped  labora- 
tories should  be  maintained,  and  that  these  should  be  in  the  hands  of  men  upon 
whom  we  can  depend  every  day  of  the  year. 

As  soon  as  a  municipality  assumes  the  responsibility  of  purifying  the  water, 
the  people  are  lulled  into  a  feeling  of  security,  and  place  their  reliance  upon  a 
process  that  can  only  be  maintained  by  conscientious,  faithful  work  on  the  part 
of  the  bacteriologist. 
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COMMUNICATED  DISCUSSION. 

Wm.  Copeland  Furbeb. — Dr.  Abbott's  singularly  clear  presentation  of  the 
bacteriologic  action  in  the  purification  of  water  and  sewage,  and  his  reference  to 
the  errors  made  in  the  early  attempts  to  disinfect  and  sterilize  waste  waters  by 
means  of  chemicals,  show  manifestly,  I  think,  the  fact  overlooked  by  experiment- 
ers before  the  establishment  of  the  germ  theory  :  that  nature,  in  self-protection,  is 
compelled  to  provide  for  the  purification  of  water.  Were  this  not  the  fact,  long 
before  this  all  water  on  the  surface  of  the  earth  must  have  become  contaminated 
and  unpotable  by  the  multiplication  of  disease-producing  agencies  brought  into 
activity  by  ignorance,  filth,  and  carelessness,  leaving  only  the  fresh  rain-water 
and  the  water  of  distillation  for  man's  safe  but  inadequate  use. 

Therefore  the  early  employment  of  precipitating  and  disinfecting  chemicals, 
being  contrary  to  nature's  own  method,  was  wrong,  and  necessarily  was  doomed 
to  failure.  Nature's  manner  of  rendering  malarious  and  miasmatic  swamps 
sweet  and  wholesome  after  proper  drainage  should  have  furnished  a  clue  to  the 
correct  method  of  disposing  of  waste  waters,  even  before  the  discovery  of  the 
germ  theory  ;  and  the  capacity  of  the  soil  to  appropriate  and  to  render  innocuous 
offensive  and  waste-products  should  have  drawn  attention  to  the  agencies  at  work 
in  this  conversion.  The  fact,  also,  that  streams  and  rivers  receiving  no  more 
than  a  normal  amount  of  impure  drainage  did  not  become  unfit  for  use  should 
also  have  made  it  apparent  that  certain  forces  were  at  work  tending  toward  the 
transformation  of  impure  materials  into  their  harmless  elements. 

However,  as  it  seemed  to  require  the  development  of  the  germ  theory  to 
remove  preventive  medicine  from  the  domain  of  experimental  empiricism,  and 
to  place  it  on  a  demonstrated  scientific  basis,  so  it  has  required  the  application  of 
the  same  theory  to  filtration  of  water  and  waste  purification  to  point  out  and 
show  us  nature's  provision  for  the  conservation  of  all  forms  of  organic  life  through 
the  agency  of  the  small  but  active  "germ." 

Therefore,  having  found  in  the  disorganization  of  waste-products  the  key  to 
nature's  own  methods,  it  simply  remains  for  us  to  apply  this  knowledge,  under 
known  and  fixed  conditions,  to  insure  the  same  results,  and  the  water  and 
sewage  purification  cease  to  be  matters  of  speculation  and  become  proper  sub- 
jects of  engineering  design  and  procedure,  capable  of  scientific  determination. 
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THE  CANADIAN  PACIFIC  RAILWAY,  FROM  LAGGAN  TO 
REVELSTOKE,  BRITISH  COLUMBIA. 

WILLIAM  S.   VAUX,   JR. 

Read  March  5,  1900. 

The  construction  of  the  transcontinental  line  of  the  Canadian 
Pacific  Railway  and  the  development  of  the  western  provinces  of  the 
Dominion  of  Canada — Manitoba,  Assiniboia,  Alberta,  and  British 
Columbia — are  so  intimately  connected  that  the  history  of  the  one 
almost  of  necessity  includes  that  of  the  other.  The  first  white  men 
to  settle  in  these  regions  were  the  agents  of  the  Hudson's  Bay  Com- 
pany, who  built  their  forts  along  the  branches  of  the  Saskatchewan 
River,  and  even  pushed  into  the  eastern  ranges  of  the  Rocky  Moun- 
tain system.  The  explorations  of  Sir  Alexander  Mackenzie  and  Sir 
George  Simpson  furnished  some  information  as  to  the  condition  of 
the  central  ranges  of  the  Rocky  Mountains,  about  which  practically 
nothing' had  been  known  before  except  from  the  vague  accounts  of 
Indians  and  stray  hunters. 

British  Columbia  being  separated  from  the  provinces  to  the  east 
by  great  rauges  of  mountains,  it  soon  became  apparent  that  the 
natural  barriers  would  be  great  obstacles  to  the  development  of  this 
vast  territory,  and  as  early  as  1834  the  advantages  of  a  transconti- 
nental line  were  urged.*  No  active  steps  were  taken,  however,  until 
the  British  Government,  realizing  the  importance  of  rapid  communi- 
cation between  the  Atlantic  and  Pacific  in  connection  with  its  colonies 
in  India  and  Australia,  organized  and  sent  out  in  1857  an  expedition 
under  the  command  of  Captain  John  Palliser.  One  of  the  objects  of 
this  expedition  was  to  explore  "  that  portion  of  British  North  America 
which  lies  between  the  northern  branch  of  the  river  Saskatchewan 
and  the  frontier  of  the  United  States,  and  between  the  Red  River 
and  the  Rocky  Mountains,"  and  "  to  ascertain  whether  one  or  more 
practicable  passes  exist  over  the   Rocky  Mountains  within  British 


*  4*  Canada  :  An  Encyclopaedia  of  the  Country,"  vol.  II,  p.  243. 
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territory,  and  south  of  that  known  to  exist  between  Mount  Brown 
and  Mount  Hooker."*  This  expedition  remained  in  the  field  from 
1857  nntil  1860,  during  which  period  it  mapped  a  large  portion  of 
the  provinces  of  Assiniboia,  Saskatchewan,  and  Alberta,  besides  find- 
ing four  pass°s  through  the  Rocky  Mountains.  The  results  were 
not  considered  favorable  for  the  construction  of  a  transcontinental 
line,  as  Captain  Palliser  in  his  report,  says  :  "  The  knowledge  of  the 
country,  on  the  whole,  would  never  lead  me  to  advocate  a  line  of 
communication  from  Canada  across  the  continent  to  the  Pacific,  ex- 
clusively through  British  territory.  The  time  has  now  forever  gone 
by  for  effecting  such  an  object,  and  the  unfortunate  choice  of  an 
astronomic  boundary-line  has  completely  isolated  the  Central  Amer- 
ican possessions  of  Great  Britian  from  Canada  in  the  east,  and  also 
almost  debarred  them  from  any  eligible  access  from  the  Pacific  coast 
on  the  west."f  In  the  light  of  what  has  actually  been  accomplished, 
these  remarks  of  Captain  Palliser  are  most  interesting,  especially  as 
the  pass  which  he  considered  the  least  practicable  across  the  main 
range  of  the  Rocky  Mountains  was  the  one  adopted  in  the  construc- 
tion of  the  Canadian  Pacific  Railway. 

In  1867  the  eastern  provinces  united  themselves  into  the  Dominion 
of  Canada,  and  immediately  steps  were  taken  to  embrace  the  great 
territory  lying  to  the  westward.  The  Hudson's  Bay  Company 
claiming  control,  a  payment  of  $1,500,000,  coupled  with  other  privi- 
leges, was  made  for  territory  as  far  west  as  the  summit  of  the  Rocky 
Mountains,  and  in  1871  British  Columbia  entered  the  union  on 
condition  that  railway  communication  be  given  with  the  more  eastern 
provinces  within  ten  years.  Thus  the  Dominion  was  extended  from 
the  Atlantic  to  the  Pacific,  and  embraced  territory  varying  from  the 
well-settled  portions  of  the  east  to  the  wild  and  practically  unex- 
plored plains  and  mountain  ranges  of  the  west. 

In  this  way  the  construction  of  the  transcontinental  line  became  an 
active  project,  and  resulted  in  1872  in  the  formation  of  two  com- 
panies to  undertake  the  work.     These  were  united  soon  after,  under 


*"  British  Blue-book:"    "  Accounts  and  Papers,"  "  Colonies,"  No.  39,  1863, 
pp.  4  aud  5. 

t" British  Blue-book:"   "Accounts  and   Papers,"  " Colonies,"    No.  39,  1863, 
p.  16. 
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the  presidency  of  the  late  Sir  Hugh  Allen,  and  a  contract  was  entered 
into  with  the  Canadian  Government  by  which  it  was  to  furnish 
$30,000,000  in  cash  and  50,000,000  acres  of  land  in  consideration  of 
the  company  completing  the  road.  Outside  financial  aid  failing,  the 
company  was  not  able  to  carry  out  its  agreement;  and  political 
changes  also  took  place,  making  it  difficult  for  the  Government  to 
fulfil  its  part.  It  was  accordingly  decided  in  1874  to  carry  on  the 
work  as  a  public  enterprise,  and  in  1875  construction  was  commenced 
west  of  Lake  Superior  and  on  the  Pacific  slope  of  the  Rocky  Moun- 
tains. In  1880  the  road  was  far  from  completion,  when  another 
change  in  the  Government  brought  the  original  projectors  into  power 
again,  and  it  was  decided  to  revert  to  the  first  policy  of  constructing 
the  road  as  a  private  enterprise,  the  Government,  however,  agreeing 
to  turn  over  all  the  work  completed  or  under  construction,  to  furnish 
$25,000,000  and  25,000,000  acres  of  selected  land  in  the  Fertile  Belt, 
and  to  give  right  of  way  through  public  property,  besides  other  valu- 
able franchises.  On  the  other  hand,  the  Company  agreed  to  construct 
about  2000  miles  of  road,  and  to  complete  within  a  period  of  ten  years 
the  transcontinental  line  joining  the  Atlantic  and  Pacific. 

Many  difficulties  arose  on  the  score  of  finance  and  construction,  but 
on  November  7,  1885,  the  last  spike  was  driven  at  Craigellachie, 
British  Columbia,  2555  miles  west  of  Montreal.  There  was  thus 
completed  wholly  in  British  territory  one  of  the  longest  and,  in  places, 
most  difficult  railways  ever  constructed.  North  of  Lake  Superior 
immense  cuttings  in  solid  granite  were  necessary,  while  the  grades, 
mud-slides,  snow,  and  deep  ravines  of  the  Rocky  Mountains  required 
the  greatest  care  and  skill  of  the  engineer.  During  the  construction 
of  the  road  $2,100,000  were  expended  in  explosives  alone,  while  a 
single  mile  on  the  north  shore  of  Lake  Superior  cost  the  sum  of 
$700,000. 

It  is  to  one  of  the  most  difficult  sections  on  the  road  to  construct 
and  maintain,  lying  between  Laggan  and  Revelstoke  in  British 
Columbia,  and  embracing  a  mileage  of  but  147  miles,  that  I  wish  to 
draw  your  attention  this  evening,  and  to  explain  some  of  the  features 
of  operation  which  must  appeal  to  every  traveler  over  the  line. 
(Figs.  1  and  2.) 

The  Rocky  Mountain  system,  as  it  stretches  northward,  converges 
and  contracts,  until  in  British  Columbia  it  exceeds  but  little  a  breadth 
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of  500  miles,  being  composed  of  four  principal  ranges — the  Rocky, 
the  Selkirk,  the  Gold,  and  the  Coast.  In  the  construction  of  the 
railway  it  became  necessary  to  cross  all  four  of  these  ranges.  The 
caflon  of  the  Frazer  River  where  it  crosses  the  Coast  Range  being 
used  by  the  railway,  a  high  pass  was  not  necessary  at  that  point,  but 
the  other  ranges,  being  greater  in  altitude  and  more  continuous,  re- 
quired heavy  grades  and  passes  in  valleys  several  thousand  feet  above 
sea  level.  A  number  of  routes  were  surveyed,  it  being  desired  to 
keep  at  least  100  miles  from  the  international  boundary  and  as  far 
south  as  possible,  in  order  to  avoid  the  severe  winters  of  the  far  north, 
and  at  no  place  to  exceed  a  grade  of  one  per  cent. 

After  crossing  a  wide  expanse  of  prairie  the  eastern  slope  of  the 
Rocky  Mountain  range  is  ascended  without  difficulty  through  the 
comparatively  level  valley  of  the  Bow  River,  almost  to  its  source. 
The  "  height  of  land  "  is  reached  in  a  narrow  valley,  5296  feet  above 
sea  level,  on  each  side  of  which  great  snow-capped  mountains  stand 
as  sentinels.  At  no  point  does  the  grade  exceed  one  per  cent.,  the 
limit  prescribed  by  the  Government  in  its  agreement  permitting  the 
construction  of  the  road. 

While  the  actual  summit  is  at  Stephen,  the  nominal  one  is  at  Lag- 
gan,  a  divisional  point  on  the  railway.  Here  engines  are  changed,  and 
the  whole  train  is  given  a  thorough  inspection  before  descending  the 
steep  grade  of  the  Kicking  Horse  Pass.  Once  over  the  summit,  there 
is  a  short  space  of  comparative  level,  and  then  the  increased  grade  of 
4.4  per  cent,  is  reached,  down  which  the  train  is  allowed  to  move  at 
a  very  slow  rate.  Brakemen  are  stationed  at  every  platform,  and  it 
is  amusing  to  see  them  at  times  jump  from  the  cars  and  run  alongside 
to  watch  the  working  of  the  brakes.  Engines  specially  designed  for  the 
heavy  grades  are  used  between  Field  and  Hector,  and  it  is  not  at  all 
uncommon  for  four  of  these  to  be  required  to  take  the  east-bound  ex- 
press to  the  summit  of  the  pass.  This  particular  part  of  the  road, 
nine  miles  in  length,  was  constructed  as  a  "  temporary  line"  of  much 
steeper  grade  than  that  allowed  by  the  Government.  The  contract 
route  lies  upon  the  almost  perpendicular  sides  of  Mt.  Stephen  to  the 
left,  and  would  involve  extensive  tunneling,  as  well  as  passing  directly 
beneath  the  forefoot  of  a  glacier  on  this  stupendous  mountain,  from 
which  at  times  great  masses  of  ice  fall  to  the  valley  below. 

At  intervals  on  the  grade  are  located  blind  sidings  running  up  the 
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mountain-side  at  a  steep  grade.  The  switches  of  these  sidings  are 
tended  by  watchmen,  who,  on  the  signal  of  the  engineer,  throw  the 
switches  and  allow  the  train  to  pass,  when  they  are  again  opened.  By 
this  means  a  runaway  car  would  be  diverted  from  the  main  track  be- 
fore it  had  gone  a  sufficient  distance  to  do  serious  damage. 

The  snowfall  in  this  pass  is  heavy,  but  does  not  give  the  trouble 
experienced  in  the  Selkirk  range  to  the  west.  One  reason  for  this  is 
the  absence  of  snow-slides  across  the  track,  and  while  the  falls  at 
times  are  very  heavy,  they  can  be  readily  handled  by  the  plows  and 
scrapers.  Some  extracts  from  the  record  of  the  watchman  at  Hector 
Station  may  be  of  interest  as  giving  an  idea  of  the  amount  of  snow 
expected  during  the  winter  months.  While  snow  sometimes  falls  in 
every  month  in  the  year,*  the  records  usually  begin  about  the  first  of 
November  and  end  the  middle  of  March,  the  average  for  this  period 
for  the  past  five  years  being  27  feet  4  inches.  During  the  winter  of 
1897-'98  the  snowfall  was  41  feet,  while  in  1898-'99  but  23  feet  fell. 
It  is  an  interesting  fact  that  when  the  fall  in  the  Rockies  is  heavy,  the 
fall  in  the  Selkirks  is  often  light,  and  vice  versa.  The  amount  of 
snow  that  may  fall  in  a  very  short  time  is  sometimes  almost  incred- 
ible, and  it  is  not  unknown  for  100  inches  to  be  recorded  in  two 
weeks,  while  in  a  single  week  57  inches  have  been  observed.f   (Fig.  3.) 

Field,  at  the  foot  of  the  pass,  is  situated  by  the  side  of  the  Kick- 
iug  Horse  River,  which  is  here  a  broad,  muddy  stream  occupying  but 
a  fraction  of  its  bed.  The  pass  and  river,  like  many  other  localities 
of  the  neighborhood,  take  their  name  from  a  peculiar  incident.  When 
Dr.  James  Hector,  a  member  of  the  Palliser  expedition,  traversed  the 
pass  in  1858,  he  was  so  unfortunate  as  to  be  kicked  in  the  chest  by 
his  riding  horse  while  trying  to  catch  a  pack  animal  that  had 
escaped.  Being  partly  disabled,  the  party  was  obliged  to  camp 
for  a  number  of  days  to  await  his  recovery,  and  Kicking  Horse  was 
adopted  as  the  name  of  the  river  aud  pass  where  the  accident 
occurred.  % 

*On  August  15,  1890,  during  a  heavy  snow  storm  that  extended  over  this 
entire  region,  twelve  iuches  of  snow  fell  at  Hector. 

t  For  the  foregoiug  information  I  am  indebted  to  Mr.  H.  C.  Kelleeu,  track- 
master,  Field,  B.  C. 

J"  British  Blue-book  ":  "  Accounts  and  Papers,"  '•Colonies,"  No.  39,  1863, 
pp.  105,  106. 
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After  leaving  Field  several  small  ascents  are  encountered,  but  the 
general  grade  is  downward  until  the  lower  cafion  of  the  Kicking 
Horse  is  reached.  Hemmed  in  on  both  sides  by  very  steep  rocky 
sides,  there  is  often  little  room  left  for  the  railway  beside  the  river, 
and  it  is  forced  to  cross  and  recross  on  wooden  Howe  truss  bridges, 
which  will  soon  be  supplanted  by  more  substantial  steel.  Some  tun- 
nel work  was  required  on  this  part  of  the  line.  No  difficulty  has 
been  experienced  with  that  through  rock,  but  morainic  material  and 
clay  were  encountered  in  several  instances,  and  gave  endless  trouble, 
owing  to  the  expansion  of  the  loose  masses.  In  one  case  the  tunnel 
caved  in  eutirely,  and  it  became  necessary  to  cross  the  river  twice  or 
to  construct  a  curve  of  exceedingly  short  radius  to  pass  around  it. 
The  latter  plan  was  chosen,  and  a  curve  of  23  degrees  was  constructed. 
At  first,  in  order  to  pass  this  curve,  all  the  cars  were  uncoupled  and 
fastened  together  with  short  chains,  but  after  a  slight  adjustment  this 
has  been  rendered  unnecessary. 

In  these  narrow  cafions,  occupied  almost  entirely  by  rivers,  freshets 
are  of  constant  occurrence,  and  often  do  great  damage.  Contrary  to 
what  we  are  accustomed  to  in  the  East,  sudden  rises  in  water  are  not 
often  the  result  of  heavy  rain-storms.  While,  of  course,  these  have 
some  effect,  yet  the  porous  character  of  the  soil  absorbs  a  large  part  of 
this  water.  The  rapid  melting  of  the  snow-fields  and  ice  masses  caused 
by  a  spell  of  warm,  moist  weather  is  almost  entirely  responsible  for 
these  freshets,  which,  on  this  account,  may  occur  at  any  period  of  the 
summer  months,  and  may  last  for  days,  or  perhaps  weeks.  The  melt- 
ing caused  by  the  heat  of  an  ordinary  day  is  sufficient  to  change  a 
brooklet  to  a  raging  torrent,  while  the  effect  on  a  river  of  larger  pro- 
portions is  much  more  marked.  These  rapid  changes  in  the  height 
of  water  have  required  a  much  more  permanent  construction  of  em- 
bankments than  would  otherwise  appear  necessary,  and  in  this  and 
other  cafions  the  river  has  been  controlled  by  walls  of  solid  masonry, 
on  which  the  tracks  are  laid,  thus  insuring  against  accident  even  dur- 
ing the  most  severe  disturbances. 

At  Golden  the  railway  suddenly  emerges  from  the  narrow  cafion  of 
the  Lower  Kicking  Horse  into  the  broad,  level  valley  of  the  Columbia 
River.  Here  the  mountain  ranges  are  on  either  side — the  Rockies  on 
the  right  and  the  Sel kirks  on  the  left.  At  this  point  the  course  of 
the  Columbia  River  is  a  little  west  of  north,  until,  finding  a  pass 
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through  the  Selkirk  range,  it  completely  reverses  its  direction  and 
flows  south  to  the  international  boundary.  By  following  the  river  an 
easy  grade  could  have  been  obtained  for  the  railway,  but  the  cost  of 
tunneling  and  bridging  would  have  been  very  great.  It  was,  there- 
fore, decided  to  shorten  the  distance  some  eighty  miles — or  about  one- 
third — by  cutting  directly  across  the  Selkirk  range  to  the  Columbia 
River  beyond.  The  passes  through  this  range  were  entirely  unknown 
until  the  explorations  of  the  engineers  in  laying  out  the  line  of  the 
railway.  The  Indians,  owing  to  some  superstitious  belief,  would  not 
enter  the  mountains,  and  prior  to  1883,  when  Major  Albert  B.  Rogers 
discovered  the  pass  that  now  bears  his  name,  the  foot  of  man  had 
seldom  crossed  their  slopes.  After  following  the  level  valley  of  the 
Columbia  for  a  number  of  miles  the  railway  crosses  the  river  on  a 
fine  bridge,  and  as  the  valley  rapidly  narrows,  clings  to  the  side  far 
above  the  water.  At  Beaver  Mouth,  which,  as  its  name  indicates, 
is  situated  at  the  point  where  the  Beaver  joins  the  Columbia,  the  latter 
river  is  left  on  the  right,  still  flowing  in  a  northerly  direction,  and 
the  winding  course  of  the  Beaver  is  followed.  Extensive  sawmills 
are  situated  at  this  point,  until  recently  driven  by  water-power  from 
a  stream  on  the  side  of  the  foothills  led  down  in  a  flume  and  carried 
directly  under  the  railway  by  a  great  inverted  siphon.  Now  steam 
has  exerted  itself,  and  the  flume,  once  quite  the  wonder  of  the  traveler, 
is  rapidly  going  to  decay.  After  leaving  Beaver  Mouth  the  cafion 
becomes  very  narrow,  and  at  places  the  stream  is  spanned  by  a 
single  log  thrown  across  from  bank  to  bank. 

The  difficulties  in  crossing  the  Selkirk  rauge  lay  not  so  much  in 
the  steepness  of  the  grades,  which  do  not  exceed  2.2  per  cent.,  or  in 
the  cost  of  actual  construction,  as  in  the  precautions  it  was  necessary 
to  take  against  the  immense  snowfall  and  terrible  avalanches.  The 
average  yearly  snowfall  between  1895  and  1898  was  31  feet,  while  in 
the  winter  of  1898-99  the  recorded  fall  was  43  feet  8 J  inches. 
These  amounts  were  obtained  after  careful  measurements  on  the 
platform  at  Glacier  House,  and  there  is  no  doubt  as  to  their  accuracy. 

The  fall  from  October,  1898,  to  May,  1899,  in  totals  for  each 
month,  is  as  follows  (see  p.  75) : 
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1898. 

October, 10   inches. 

November, 8  feet  4}      " 

December, 6  "  6 

1899. 

January, 9  u  2 

February, 6  "  9 

March, 6  "  2 

April 3  "  7        " 

May, 2  "  4 

Total  fall, 43  feet   8J  inches, 

By  the  aid  of  rotary  snow-plows  any  depth  of  snow  that  has 
fallen  directly  from  the  sky  and  is  not  intermingled  with  rocks,  mud, 
and  tree-trunks  may  be  dug  out  and  thrown  to  a  considerable  distance 
from  the  track.  Points  that  are  not  liable  to  be  covered  with  ava- 
lanches are  thus  left  unprotected,  and  there  is  seldom  serious  difficulty 
in  keeping  the  road  open,  even  during  the  most  severe  storms.  Where 
many  rocks  or  trees  are  mingled  with  the  snow,  or  where  the  snow 
has  been  compacted  to  ice,  the  problem  is  a  much  more  serious  one, 
and  great  labor  is  involved  in  blasting  out  the  confused  mass  and 
clearing  it  away  by  hand.     (Fig.  4,  p.  74.) 

The  immense  banks  of  snow  that  are  formed  on  the  mountain- 
sides frequently  slip  from  their  insecure  positions  and  go  thundering 
to  the  valley  below,  carrying  *ith  them  masses  of  rocks,  trees,  and 
earth.  These  snow  avalanches  and  those  composed  of  wet  mud  and 
stones  are  most  dreaded  by  the  railway  compauy,  and  it  has  been  in 
an  endeavor  to  reduce  their  power  of  destruction  that  costly  structures 
in  the  form  of  snow-sheds  and  bridges  have  been  erected. 

Wood  was  used  almost  exclusively  in  the  first  construction  of  the 
division  crossing  the  mountains.  Timber  was  abundant,  and  in  this 
way  the  road  was  opened  for  traffic  many  months  before  it  would 
otherwise  have  been  possible.  No  provision  was  at  first  made  for  pro- 
tection from  snow,  but  during  the  winter  of  1885-'86  a  corps  of 
engineers  was  kept  constantly  on  the  ground  observing  where  the 
worst  slides  took  place,  and  how  structures  should  be  built  to  with- 
stand them.  During  the  following  summer  35  sheds  were  constructed 
at  the  summits  of  the  Selkirk  and  Gold  ranges,  but  the  winter  of  1886- 
'87  being  unusually  severe,  they  were  increased  the  next  summer  to 
53,  with  a  total  length  of  over  six  miles.  This  mileage  has  been 
added  to  slightly  from  time  to  time  as  occasion  arose. 
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The  sheds,  as  constructed,  are  of  two  principal  types,  according  to 
the  severity  of  the  avalanches  to  be  withstood  by  them  and  the  position 
in  which  they  occur.  To  protect  the  track  from  the  ordinary  snowfall 
only,  the  "  level  fall  shed,"  a  comparatively  light  structure,  meets  all 
requirements ;  but  on  the  steep  slopes  of  the  mountains  immense  crib- 
work  and  deflectors  are  necessary.  The  latter  are  of  two  principal 
types:  those  that  must  withstand  avalanches  from  one  side  only,  and 
those  that  may  be  attacked  from  both.  (See  Fig.  5,  p.  76.)  An  ava- 
lanche does  not  stop  at  the  bottom  of  the  valley,  but  often  sweeps  up 
the  opposite  side,  doing  double  damage  because  coming  from  a  direc- 
tion least  expected.  The  sheds  must  accordingly  in  many  instances  be 
made  of  sufficient  strength  to  withstand  avalanches  from  either  direc- 
tion. Cases  are  on  record  where  laborers  on  the  tracks  have  been 
killed  by  not  heeding  an  avalanche  on  the  opposite  side  of  the  valley, 
which  they  supposed  was  too  far  below  them  to  be  dangerous. 

The  avalanche  itself  is  not  the  only  destructive  agent  in  these 
regions.  Currents  of  air  are  set  up  by  the  swift  downward  motion 
of  the  mass,  and  often  do  great  damage,  as  they  extend  over  a  wide 
area  and  have  immense  power.  They  are  called  "snow  flurrie8,,,  and 
at  times  have  sufficient  power  to  twist  off  the  trunks  of  full-grown 
trees  perhaps  fifty  feet  from  the  ground,  leaving  only  the  stumps 
standing.  After  the  passage  of  a  usnow  flurry"  the  leaves  are 
burned  brown,  as  though  subjected  to  great  heat. 

In  the  construction  of  the  snow-sheds  the  strongest  materials  were 
used,  and  these  were  found  close  at  hand  in  the  forests.  Cedar  tim- 
bers, mostly  12  inches  by  12  inches,  formed  the  cribwork,  but  Douglas 
fir  (Oregon  pine)  was  employed  in  members  subjected  to  severe  trans- 
verse strains.  The  bents,  usually  spaced  about  five  feet  centers,  were 
built  up  of  12-inch  by  15-inch  timbers,  securely  braced  and  drift 
bolted  together.  Above  the  shed  the  ground  is  cleaned  and  leveled, 
with  the  object  of  giving  the  avalanche  an  upward  motion,  thus  tend- 
ing to  shoot  across  the  track.  An  idea  may  be  gotten  of  the  immense 
power  of  these  avalanches  from  the  fact  that  comparatively  new 
sheds  have  been  entirely  demolished  during  the  breakiug-up  of  an 
unusually  severe  winter. 

In  order  to  guard  against  destruction  by  fire  systematic  measures 
have  been  adopted.  Where  it  is  necessary  to  protect  a  long  piece  of 
track  from  avalanches,  the  sheds  are  divided  into  several  short  sec- 
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tions,  with  open  spaces  of  about  200  feet  between  them.  These  open 
spaces  are  protected  by  heavy  V-shaped  fences  of  cribwork  placed 
above.  (See  Figs.  5  and  6.)  An  avalanche  striking  one  of  these 
fences  is  deflected  to  the  right  and  left  upon  the  sections  of  the  shed, 
and  so  passes,  without  doing  harm,  to  the  valley  below.  The  open 
spaces  also  allow  the  sheds  to  clear  of  smoke  very  rapidly,  which  in 
winter,  when  all  the  small  openings  are  filled  with  snow,  would  other- 
wise require  hours.  A  complete  system  of  sluices  and  piping  leads 
water  from  the  streams  above  to  the  tops  of  the  sheds,  and  in  case  of 
the  occurrence  of  fire,  the  watchman,  who  is  always  on  duty,  will 
be  able  to  control  it  promptly.  In  many  cases  a  temporary  track  is 
laid  beside  the  shed,  which  is  used  in  summer,  thus  greatly  reducing 
the  fire  risk,  and  allowing  the  passengers  to  see  to  better  advantage 
some  of  the  finest  scenery. 

Where  avalanches  can  not  be  made  to  pass  over  the  track,  bridges 
are  provided,  so  that  they  may  go  beneath  them.  On  the  east  slope 
of  the  Rogers  Pass  grade  several  great  ravines  are  crossed,  which  at 
first  were  spanned  by  wooden  trestles,  these  now  being  replaced  by 
more  permanent  structures.  The  largest  of  these  crosses  Stony  Creek. 
It  was  originally  built  of  continuous  Howe  trusses,  having  spans  of 
33, 161, 172,  and  86  feet  respectively,  and  supported  on  wooden  trestle 
towers  200  feet  high,  resting  on  concrete  footings.  While  still  in  good 
condition  in  1893,  it  was  decided  to  replace  it  with  steel,  a  continuous 
arch  of  336  feet  span  and  300  feet  above  the  chasm  being  completed 
just  before  a  destructive  forest  fire  swept  over  the  region.  (See  Fig.  7, 
p.  79.)  Several  other  bridges  have  been  reconstructed  in  a  most 
substantial  way,  one  of  the  principal  factors  in  the  design  being  to 
allow  the  avalanches  of  mud  and  snow  to  pass  safely  beneath  them. 
In  the  old  wooden  bridges,  a  few  examples  of  which  still  remain,  the 
"  flurry  "  caused  by  the  slide  passing  beneath  was  withstood  by  heavy 
rods  of  iron  anchored  to  "  dead  men  "  on  the  upper  side  of  the  valley. 
Cribwork  to  the  right  and  left  deflected  the  slide  so  that  it  passed  be- 
tween the  supports  instead  of  carrying  them  with  it.  But  even  with 
the  most  substantial  construction  and  care  in  design  it  has  not  been 
possible  to  save  some  of  the  bridges  from  total  destruction.  The 
structure  spanning  Cascade  Creek  was  swept  away  six  times  before  it 
was  replaced  by  a  single  arch  of  masonry,  which,  it  is  expected,  will 
withstand  all  attacks.     It  is  an  interesting  fact  that  this  entire  stream 
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emerges  from  the  ground  a  few  hundred  feet  above  the  line  of  the 
railway. 

While  in  many  cases  it  was  possible  to  span  the  courses  of  streams 
by  bridges,  a  number  were  of  such  width  that  long  trestlework  be- 
came necessary.  The  problem  of  reconstructing  these  was  a  very 
serious  one,  owing  to  the  cost  of  labor  and  the  difficulty  of  moving 
material  on  the  steep  grades.  At  certain  points,  however,  it  was  only 
possible  slowly  to  fill  in  an  embankment  from  cars  loaded  with  gravel 
obtained  from  cuttings.  This  method  is  being  pursued  in  the  case  of 
the  trestlework  at  The  Loop,  where  many  hundreds  of  thousands  of 
yards  will  be  required.  The  operation  is  necessarily  slow,  and  its 
completion  may  not  be  expected  for  many  years  to  come. 

A  much  more  expeditious  and  satisfactory  method,  and  at  the 
same  time  one  which  costs  but  about  one-half  of  the  dumping 
method,  has  been  employed  in  two  or  three  cases  where  abundant 
water-power  was  at  hand,  and  also  immense  banks  of  gravel  or 
morainic  material.  Reversing  the  methods  followed  by  the  gold- 
washers  of  California,  water  was  brought  down  from  the  streams 
above  under  great  pressure,  and  with  it  the  gravel  and  boulders  were 
washed  into  large  sluices,  which  carried  them  to  the  points  where  the 
filling  was  to  be  done.  Here  the  water  was  allowed  to  drain  away, 
leaving  the  gravel  thoroughly  settled  in  the  new  position.  The  fill- 
ing was  confined  within  the  proper  limits  by  means  of  logs  laid  in 
rows  one  above  the  other,  and  thus  the  embankment  rose,  tier  above 
tier,  the  slope  being  kept  well  within  the  angle  of  repose,  and  the 
logs  soon  sprouting  and  forming  a  network  of  roots,  firmly  binding 
the  mass  together. 

Mountain  Creek  is  the  point  at  which  a  large  amount  of  filling  has 
been  done  on  this  plan  in  a  most  successful  and  economic  way. 
Water  is  obtained  from  the  creek  some  two  miles  above,  and  is  led 
down  in  a  flume,  two  feet  high  and  four  feet  broad,  to  the  flume-box, 
which  is  206  feet  above  the  railway  track.  From  this  point  an  iron 
pipe  14  inches  in  diameter,  of  ^-inch  thick  metal,  leads  the  water  to 
the  monitor,  which  is  provided  with  nozles  ranging  from  3  inches  to 
6  inches  in  diameter.  The  small-sized  nozles  are  use  for  breaking 
up  the  mass  of  gravel,  while  the  larger  ones  furnish  an  increased 
volume  of  water  to  flush  the  sluices.  Boulders  18  inches  in  diameter 
are  readily  moved  without  assistance,  but  two  men  with  hooks  are 
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constantly  on  the  lookout  to  clear  any  obstructions.  The  sluice  has 
a  grade  of  about  one  in  ten,  conveys  the  material  beneath  the  rail- 
road track  and  deposits  it  in  a  great  pile  at  the  center  of  the  area 
being  filled.  (Fig.  10.)  From  this  point  it  is  gradually  washed 
down  until  stopped  by  the  row  of  logs  at  the  edge,  which,  however, 
allow  the  water  to  flow  off  freely.  The  sides  are  made  to  slope 
at  an  angle  of  37  degrees  40  minutes,  which  is  well  within  the 
angle  of  repose,  but,  in  addition  to  this,  the  sprouting  of  the  logs  at 
the  edge  of  the  filling  has  formed  a  strong  network  of  roots,  binding 
the  whole  mass  firmly  together.     (Figs.  8  and  9.) 

The  cost  of  this  filling  is  about  one-half  that  of  the  ordinary  way, 
but  it  is  here  carried  on  under  great  disadvantages.  Not  only  must 
the  work  be  entirely  suspended  between  October  and  June,  but  the 
sluices  and  fixtures  must  be  taken  up  in  order  to  prevent  wreckage  by 
the  avalanches,  and  so  each  spring  the  work  must  practically  be  con- 
structed again.  Nine  men  in  all  are  required  to  conduct  the  filling : 
one  at  the  monitor,  two  to  keep  the  sluices  clear,  and  six  to  prepare 
and  lay  the  logs  at  the  edge  of  the  filling  and  to  level  off  the  material 
as  it  falls. 

The  total  filling  at  this  point  will  aggregate  300,000  cubic  yards, 
of  which  225,000  were  put  in  place  between  June,  1897,  and  June 
1899,  leaving  but  75,000  yet  to  be  filled.  A  light  steel  trestle  will  com- 
plete the  work  connecting  the  two  fillings,  thus  effecting  a  permanent 
solution  of  a  very  difficult  problem.  This  method  of  hydraulic  filling 
was  first  employed  in  the  mountain  division  of  the  Canadian  Pacific 
Railway  under  the  direction  of  Mr.  Edmond  J.  Duchesnay,  C.  E., 
Superintendent.  It  is  a  pity  that  this  method  can  not  be  employed 
to  advantage  in  many  other  localities  where  great  fillings  are 
necessary. 

The  highest  point  reached  by  the  railway  in  the  Selkirk  range  is  at 
Selkirk  Summit,  4303  feet  above  tide.  From  this  point  the  railway 
steadily  descends,  following  the  Illecillewaet  River.  The  first  routes 
surveyed  lay  on  the  slopes  of  Mt.  Cheops,  to  the  right;  but  these 
necessitating  a  steeper  grade  than  the  Government  would  allow,  a 
change  was  made  to  the  left  side,  and  the  length  was  increased  by  a 
great  sweep  up  the  valley  of  the  Illecillewaet  to  within  a  mile  and  a 
half  of  the  Great  Glacier  of  the  Selkirks.  Then,  following  the  slopes 
of  Mt.  Abbott,  and  executing  a  double  loop  like  a  letter  s,  the  level 


Digitized  by  CjOOQIC 


w    w&y  wt&H 


>  ^v 


85 


Digitized  by  CjOOQIC 


86  Vaux — The  Canadian  Pacific  Railway. 

of  the  stream  was  reached,  which  was  followed  as  far  as  its  junction 
with  the  Columbia  River  at  Revelstoke.  This  is  a  divisional  point 
on  the  railway,  and  the  crews  and  engines  are  changed.  The  pass 
over  the  Gold  range  is  not  high,  and  offers  very  little  of  special  in- 
terest, while  in  crossing  the  Coast  range  the  railway  follows  the 
cafions  of  the  Frazer  and  Thompson  Rivers,  thus  avoiding  a  summit. 
A  few  sheds  are  necessary  on  the  western  slope  of  the  Gold  range,  of 
similar  construction  to  those  used  in  the  Selkirks  (see  Fig.  2);  but  the 
snowfall  being  lighter,  the  same  difficulties  do  not  have  to  be  en- 
countered. Some  very  heavy  tunneling  and  cutting  were  required  in 
the  valleys  of  the  Thompson  and  Frazer  Rivers,  a  good  part  of  which 
was  constructed  by  the  Government  in  the  early  days  of  the  develop- 
ment of  the  country. 

Thus  the  Rocky  Mountain  system  is  crossed  after  passing  three 
summits,  which,  if  their  altitude  is  not  great,  still  in  location  and  con- 
struction required  the  greatest  patience  and  skill  on  the  part  of 
the  engineers  intrusted  with  the  task. 
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THE  THEORY  AND  PRACTICE  OF  PROTECTIVE  COATINGS  FOR 
STRUCTURAL  METAL. 

A.    H.   SABIN. 

Jtead  March  17,  1900. 

I  CALL  attention  first  to  the  plates  which  we  have  on  exhibition. 
There  were  prepared,  in  the  first  place,  about  three  hundred  plates, 
which  were  all  made  for  one  set  of  experiments ;  they  were  made  in 
triplicate — three  sets  of  about  one  hundred  plates  each.  One  sfet  of 
these  was  put  in  the  fresh  water  in  Lake  Cochituate,  near  Boston ; 
another  set,  in  the  sea-water  in  the  New  York  Navy  Yard  ;  and  a 
third  set,  in  sea-water  in  the  Norfolk  (Virginia)  Navy  Yard.  Owing 
to  accidents  some  of  the  plates  were  lost.  In  the  Norfolk  Navy  Yard 
an  entire  frame,  containing  about  twenty  plates,  was  lost  by  the  sup- 
porting chains  (two  f-inch  galvanized  iron  chains)  rusting  off.  In 
the  New  York  Navy  Yard  the  plates  were  all  attached  to  a  float, 
which  was  wrecked  by  an  accident,  and  the  whole  of  the  plates  went 
to  the  bottom ;  a  little  more  than  half  of  them  were  finally  recovered. 
We  did  not  lose  any  of  the  Boston  plates,  which  were  in  fresh  water. 

The  general  plan  adopted  was  that  we  should  test  oil  paints  against 
varnishes  and  against  enamel  paints, — that  is,  paints  made  with  var- 
nishes as  the  vehicle  with  pigments  ground  in, — and  we  should  test 
as  much  as  possible  the  same  set  of  pigments,  and  test  a  variety  of 
pigments,  so  as  to  find  out  if  there  was  any  difference  in  them.  So 
on  these  sets  of  plates  we  have  paints  made,  in  the  first  place,  with 
varnish  containing  a  relatively  small  amount  of  linseed  oil ;  then  a 
paint  made  with  a  varnish  containing  a  larger  amount  of  linseed  oil ; 
then  a  paint  made  with  a  varnish  containing  a  maximum  amount  of 
linseed  oil ;  then  a  plate  painted  with  nothing  but  linseed  oil  for  the 
vehicle — using  the  same  pigment  in  each  case.  That  arrangement 
would  show  the  comparative  merits  of  any  given  pigment  in  the  dif- 
ferent vehicles — three  typical  kinds  of  varnish  and  raw  linseed  oil. 
Then  we  made  these  up  in  sets,  using,  for  example,  in  one  set  white 
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zinc  ;  in  another,  white  lead  ;  in  another,  graphite;  in  another,  ultra- 
marine blue ;  and  in  another,  a  silicate  (ground  slate),  which  is  known 
in  the  trade  as  Keystone.  It  is  a  material  that  is  manufactured  in 
the  State  of  Pennsylvania,  and  it  is  a  silicate  of  very  considerable 
merit  as  a  pigment  in  the  paint  business.  Then  there  were  plates 
coated  with  paint  made  from  Prince's  metallic  oxid  of  iron,  which  is 
a  typical  oxid  of  its  kind;  plates  painted  with  Canadian  oxid, 
which  is  the  purest  oxid  that  I  know  anything  about,  containing 
more  than  ninety-five  per  cent,  of  iron  oxid;  and  plates  painted  with 
iron  oxid  that  has  been  highly  heated,  known  in  the  trade  as 
Crocus, — purple  oxid  of  iron  :  that  is,  a  dark,  brownish-purple  oxid, — 
this  latter  being  supposed  to  be  nearly  anhydrous.  The  others  are 
partly  hydrated  and  partly  anhydrous  oxids.  Besides  these,  we  have 
the  same  varnishes  and  raw  oil  put  on  plates  without  any  pigment 
whatever.  All  these  paints  were  put  on  in  the  same  way — three  coats 
of  each.  Then  we  have  plates  painted  with  red  lead  and  with  two 
mixtures  of  red  lead  and  white  zinc.  Red  lead  and  white  zinc  being 
quite  a  common  mixture,  largely  used  by  the  navy,  this  experiment 
was  made  at  the  suggestion  of  the  naval  authorities.  We  also  put  on 
two  or  three  ordinary  proprietary  paints,  such  as  Detroit  graphite  and 
Eureka  paint — well-known  and  highly  reputable  paints.  Then  we 
put  on  some  paints  that  are  used  expressly  by  the  navy.  You  will 
understand  that  for  these  sea-water  tests  the  cooperation  of  the  Navy 
Department  was  essential.  These  plates  were  so  placed  as  to  be  under 
guard  all  the  time.  There  were  sentries  on  guard  watching  the 
grounds  and  docks  where  these  were  placed,  so  that  they  were  per- 
fectly secure  from  any  interruption,  and  the  plates  were  actually 
placed  in  position  by  the  officers  of  the  United  States  Government,  and 
were  removed  by  the  officers  of  the  United  States  Government,  and 
were  by  them  inspected  on  their  removal ;  so  I  felt  that  we  were  under 
very  great  obligations  to  the  Department  for  the  courtesy,  and  we  put 
on  any  paints  which  they  desired  to  have  tested,  among  which  were 
several  paints  used  for  the  preservation  of  ships'  bottoms  against  cor- 
rosion from  fouling.  Further  than  that,  there  were  some  varnishes  and 
some  enamel  paints  put  on,  such  as  I  have  already  spoken  of,  which 
were  then  put  in  an  oven  and  baked  at  a  temperature,  in  most  cases, 
of  from  200°  to  240°  F.  for  a  couple  of  hours.  Also,  there  are  some 
varnish  coatings  that  have  been  used  for  several  years  in  hydraulic 
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work,  and  are  used  now,  which  are  applied  only  by  baking,  and  the 
plates  were  put  in  for  testing  with  these  coatings.  The  nomenclature 
of  these  plates  is  like  this: 

Here,  for  example,  is  a  plate.  The  number  is  given,  in  the 
first  place.  Now,  that  number  refers  to  the  one  by  which  it  is 
described  in  a  paper  that  I  read  before  the  American  Society  of 
Civil  Engineers  at  the  December  meeting,  which  those  of  you  who 
are  members  have  already  received.  The  number  is  carefully  marked 
on  the  plate  by  stamping  it  with  a  steel  stamp,  and  also  by  cutting 
notches  with  a  saw  in  the  edge  of  the  plate ;  so  that  it  is  absolutely 
certain  that  these  plates  are  exactly  as  described.  Two  years  (that  is 
the  time  it  was  submerged  in  Lake  Cochituate);  pigment,  white  zinc; 
varnish,  20  gallons  of  linseed  oil ;  100  pounds  of  Manila  resin, 
baked  for  four  hours  at  230°  F.  Now,  the  vehicle,  of  course,  is  the 
liquid  in  which  the  pigment  is  ground.  As  I  have  said,  in  some 
cases  it  was  a  varnish ;  in  this  particular  case  it  was  a  varnish.  Var- 
nishes are  all  composed  of  linseed  oil  and  some  resinous  matter.  In 
this  case  Manila  resin  was  used.  Zanzibar  resin  is  a  fossil  resin  dug 
out  of  the  ground.  Resins  are  all  of  vegetable  origin.  Kauri  resin 
comes  from  New  Zealand,  but  it  is  not  supposed  to  be  so  ancient 
as  Zanzibar  and  Manila  resins.  This  resin  is  sold  just  as  it  comes 
from  the  living  trees,  very  much  as  spruce  gum  is  collected ;  so  that 
the  names  here  on  these  tags  express  very  clearly,  it  seems  to  me,  the 
character  of  the  coating  and  the  length  of  time  exposed. 

The  general  conclusion  at  which  I  arrived  (and,  of  course,  you  are 
all  at  liberty  to  form  such  conclusions  as  your  observation  may  lead 
to,  because  I  give  you  all  that  I  know  about  this  thing,  and  all  there 
is  further  about  it  can  be  seen  on  an  inspection  of  the  plates) — the 
general  conclusion  I  arrived  at  was  that  the  character  of  the  pigment 
did  not  in  most  cases  make  very  much  difference  in  the  case  of  pig- 
ment paints.  The  white  zinc  seemed  in  some  cases  to  be  more  durable 
than  any  of  the  other  paints;  but  they  were  special  cases,  and  it  was 
not  so  with  the  oil  paints.  There  were  some  apparent  differences,  but 
they  were  not  very  great. 

Oil  paints  in  all  cases  are  very  much  worse  than  any  of  the  varnish 
paints.  I  believe  that  is  unquestionable.  Of  the  varnish  paints, 
those  which  contain  the  larger  amounts  of  oil  are  in  general  the  best. 
That  is  not  absolutely  so  in  every  case.     There  are  some  varnishes — 
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the  twenty-gallon  varnishes — which  have  given  very  good  results,  but, 
as  a  rule,  the  varnishes  containing  thirty  gallons  of  oil  are  better  than 
those  containing  twenty ;  and  my  conclusion  has  been  that  the  var- 
nishes for  the  highest  degree  of  durability  should  contain  between 
thirty  and  forty  gallons  of  oil. 

The  effect  of  baking  was  not  in  most  cases  beneficial.  In  some 
cases,  however, — that  is  to  say,  in  those  with  coatings  which  were 
especially  intended  to  be  baked — the  results  were  so  much  better  than 
in  the  others  that  they  form  a  distinct  class  by  themselves.  This  was 
anticipated,  and  is  confirmatory  of  the  results  which  are  obtained  by 
previous  experiments,  which  I  described  in  an  earlier  paper  before 
the  American  Society  of  Civil  Engineers.  Here  are  some  plates,  for 
example,  which  were  in  the  Norfolk  Navy  Yard  two  full  years ;  and 
when  they  came  out  of  the  water,  they  appeared  to  be  absolutely 
uninjured.  You  understand  that  these  plates  have  been  rattled  about 
a  good  deal.  In  the  first  place,  they  were  packed  up  by  the  naval 
authorities  at  Norfolk.  They  were  taken  out  of  the  frames  in  which 
they  were  suspended, — the  rack, — and  after  lying  there  for  a  couple  of 
weeks,  being  examined  as  deliberately  as  they  chose,  they  were  packed 
up  by  the  carpenter  down  there  and  shipped  up  to  New  York.  Then 
at  New  York  they  were  taken  out  of  the  boxes  and  carefully  exam- 
ined. Some  time  afterward  they  were  repacked  in  other  boxes  and 
shipped  to  Boston,  and  I  exhibited  them  there  before  the  Boston 
Society  of  Civil  Engineers  in  November.  They  were  then  packed 
again  and  shipped  over  to  New  York  ;  then  taken  over  to  the  Society 
of  Civil  Engineers  and  exhibited  there,  being  unpacked  and  again 
repacked  and  then  shipped  over  here.  They,  of  course,  suffered  a  good 
deal  of  abrasion  during  all  that  handling.  The  steel  plates  weigh 
from  eight  to  twelve  pounds  each,  and  they  do  not  bear  severe  handling 
very  well.  But,  as  I  say,  when  these  plates  came  out  of  the  water 
they  were  apparently  perfect  on  both  sides.  Some  of  these  plates  are 
aluminum,  as  you  see.  These  were  put  in  at  the  request  of  a  friend 
of  mine.  Many  of  you,  I  have  no  doubt,  knew  the  late  Captain 
Hunt,  of  Pittsburg.  Captain  Hunt  desired  to  have  some  of  these 
tests  applied  to  aluminum,  and  there  is  an  aluminum  plate  which  is 
exposed,  showing  the  barnacles  growing  on  it.  Here  I  have  another 
plate  that  has  exactly  the  same  coating.  Now,  on  these  plates,  sus- 
pended horizontally,  the  barnacles  attached  themselves  to  the  lower 
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side.  When  the  upper  side  came  out  of  the  water,  there  was  not  a 
particle  of  injury  to  it  anywhere.  This  plate  is  just  the  same.  The 
back  of  that  plate  is  practically  perfect,  and  these  plates,  where  they 
have  barnacles  attached  to  the  back  of  them,  have  not  suffered  much. 
All  the  other  plates  which  were  in  the  Norfolk  test  lost  practically  all 
the  coating  from  the  lower  sides.  In  the  other  tests — the  Boston 
tests — the  plates  were  vertical.  There  was  no  way  of  suspending 
these  frames  in  Lake  Cochituate,  and  naturally  the  frames,  which 
were  long  racks,  lay  with  the  plates  in  a  vertical  position.  These 
plates  were  steel.  It  seems  to  me,  though  I  am  not  sure,  that  they 
were  obtained  from  Pencoyd  works,  but  they  were  pickled  and  cold- 
rolled  and  were  very  clean  and  free  from  scale.  They  were  not  pickled 
after  they  came  into  our  possession,  but  they  were  brushed  with  a 
revolving  wire  brush  mounted  on  a  lathe,  and  were  perfectly  clean 
and  bright  when  they  were  coated.  All  except  the  aluminum  plates 
are  of  steel.  These  Boston  plates  appear  somewhat  dirtier  looking 
than  the  others.  The  other  plates,  when  taken  out  of  the  water,  were 
washed  with  a  hose.  These  plates  were  taken  out  of  the  water  and 
laid  on  the  shore  for  two  or  three  days  until  they  got  thoroughly  dry, 
and  then  they  were  shipped  to  New  York,  arriving  there  after  I  had 
gone  away  on  a  vacation  last  summer.  The  plates  lay  there  for  sev- 
eral months  in  the  frames,  and  so  the  fresh  water  vegetation,  etc.,  that 
stuck  to  them  was  all  dried  on.  Some  of  these  plates  show  where 
they  were  in  the  frames — bright  and  glossy.  If  a  wet  cloth  be  used 
to  rub  the  surface  and  get  it  clean,  the  whole  plate  will  look  bright 
and  glossy ;  and  so  all  these  Boston  plates  do  not  look  so  good  as  they 
really  are.  Fresh  water  was  very  much  less  severe  on  the  plates  than 
salt  water.  That  we  have  long  known,  of  course.  In  addition  to 
these  plates  which  I  have  described,  we  had  in  the  New  York  test 
twenty-four  plates  which  were  in  my  earlier  set  of  experiments,  which 
were  in  the  water  six  months  in  1896,  and  we  lost  about  half  of  those, 
so  that  we  got  twelve  out.  Those  plates  are  on  the  frame  that  has 
only  twelve  plates.  These  plates  were  in  the  water,  in  the  first  place, 
six  months;  then  out  of  the  water  for  a  year  or  so;  then  they  were 
in  the  water  thirteen  months;  and  they  have  been  out  of  the  water 
about  nearly  two  years  now,  because  the  New  York  plates  were  not  in 
the  water  full  two  years,  owing  to  the  accident — the  sinking  of  the 
float— of  which  I  spoke.     The  plates  are  now  four  years  old.     Since 
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the  time  they  were  taken  out  of  the  water  they  have  been  where  the 
air  is  very  corrosive  indeed.  Our  factory  is  immediately  adjacent  to 
the  Long  Island  Railroad  yard,  where  the  atmosphere  is'so  full  of  soft- 
coal  smoke  that  it  is  sometimes  almost  stifling,  and  a  piece  of  nick  led 
metal  will  get  rusty  in  a  month  or  so. 

I  do  not  propose  to  take  any  more  time  in  describing  these.  I 
think  I  have  made  it  sufficiently  clear  so  that  you  will  understand 
about  them  on  examination. 

I  should  like  to  say  a  word  or  two  about  conducting  a  test  of  this 
sort.  No  man  ever  does  a  thing  right  the  first  time,  I  suppose,  and 
these  were  not  the  first,  nor  the  second,  nor  the  third  nor  fourth  tests 
that  I  have  made;  but  these  were  not  right  either.  Now,  you  will 
notice  that  there  is  a  plate  where  the  coating  appears  to  be  all  right — 
the  middle  of  it ;  but  that  portion  which  is  coated  is  only  about  a 
third  of  the  total  surface  of  the  plate.  It  has  gone  from  the  edges 
all  the  way  round.  There  is  another  plate,  on  which  are  little 
patches,  and  yet  the  coating  material  that  is  there  is  all  right.  Why 
should  that  be  so  ?  Well,  it  is  just  because  of  the  thing  that  happens 
to  a  plate  or  to  anything  else  that  is  painted  and  is  put  in  the  water; 
it  is  because  the  floating  material  in  the  water — chips,  sticks,  logs  of 
wood — keeps  battering  against  it ;  for  instance,  against  the  edges  of 
these  plates.  It  could  not  get  at  the  middle  of  them,  because  they 
were  only  about  two  inches  apart,  but  the  floating  material  battered 
against  the  edges  and  broke  the  coating  and  let  the  water  in  to  corrode 
the  metal.  It  is  very  noticeable,  because  aluminum  is  soluble  in  sea- 
water,  and  the  sea-water  crept  in  there  under  the  coating,  raised  it, 
and  it  broke  off,  of  course.  Two  years  is  a  long  time  for  a  process 
like  that  to  be  going  on,  and  so  the  destruction  of  the  coatings  on  a 
good  many  of  those  plates  was  simply  due  to  accident — to  floating 
objects  striking  against  the  edges  of  the  plates,  breaking  off  the  coat- 
ing material,  and  allowing  the  water  to  get  in.  If  I  were  to  make 
another  set  of  experiments,  I  would  use  plates  like  those,  or  larger 
ones — the  larger,  the  better;  these,  which  are  twelve  by  twenty 
inches,  were  small  enough.  I  certainly  would  not  choose  a  plate  any 
smaller  for  any  kind  of  a  test.  If  four  times  as  big,  it  would  be  bet- 
ter; and  plates  should  be  thick  enough  to  be  perfectly  stiff.  If  the 
plates  are  thin,  it  is  not  a  test.  The  plates  should  each  be  put  into  a 
wooden  frame, — such  a  frame  as  that  of  a  school  slate, — so  as  absolutely 
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to  protect  the  edges.  I  believe  that  is  the  only  way  to  make  a  test 
properly ;  and  I  have  no  doubt  we  should  find  other  things  to  do. 
That  is  perfectly  well  indicated  as  a  result  of  these  tests. 

I  have  spoken  about  the  general  effect  of  the  different  paints,  and 
you  will  all  be  interested,  of  course,  in  the  red  lead,  which  is  very 
extensively  used  and  very  highly  thought  of.  The  red  lead  stood 
better  than  any  of  the  oil  paints.  There  is  no  question  about  it.  It 
did  not  stand  as  well  as  many  varnish  paints.  It  did  not  stand  as 
well  as  some  varnishes  without  any  pigment  in  them.  Here  is  a  red- 
lead  plate  which  was  in  the  Boston  set.  It  looks  all  right.  It  looks 
better  now  than  it  did  when  it  came  out  of  the  water,  because  the 
rust  on  it  does  not  show  against  the  red  lead  ;  but  if  you  will  look  at 
it  carefully,  you  will  find  a  good  many  blisters.  It  is  in  very  good 
condition,  and  would  probably  have  lasted  another  year.  Here  are  a 
couple  of  plates  coated  with  red  lead  and  zinc  white,  which  are  not 
so  good.  Red  lead  alone  is  better  than  red  lead  and  zinc  white.  In 
the  New  York  Navy  Yard  the  red  lead  was  pretty  nearly  all  destroyed, 
but  there  was  some  of  it  left.  In  the  Norfolk  Navy  Yard,  as  you 
will  see  by  examining  the  plates,  it  was  gone  entirely  ;  but,  as  I  say, 
the  red  lead  stood  better  than  the  pigment  paints  ground  in  oil.  I  do 
not  class  red  lead  with  the  ordinary  pigment  paints  at  all,  because  it 
does  not  dry  in  the  same  way. 

I  will  now  say  a  few  words  about  the  way  in  which  paints  are  pro- 
duced. The  pigment  paints  are  made  by  grinding  the  mineral 
material — usually  a  natural  mineral,  sometimes  an  artificial  product — 
to  a  fine  powder,  and  it  should  be  ground  very  fine;  the  finer,  the 
better.  It  should  be  ground  so  fine  that  most  of  it  will  pass  through 
a  mesh  of  about  100  to  the  linear  inch.  I  do  not  mean  to  say  that  it 
should  be  actually  bolted,  but  it  should  be  so  fine  that  most  of  it  will 
go  through  such  a  sieve  as  that.  The  harder  substances,  like  some 
hard  oxids,  ought  to  be  ground  more  finely  than  those  which  are 
naturally  soft,  like  lead  oxid  or  zinc  oxid.  In  making  oil  paints 
this  pigment  is  then  mixed  with  linseed  oil.  That  is  done  by  putting 
the  oil  and  the  pigment  in  what  the  paint  men  term  a  mixer — a  cylin- 
dric  vertical  vessel,  something  like  a  deep  washtub.  A  revolving 
arm  stirs  it  up,  and  it  is  stirred  by  power  until  it  appears  to  be  a  uni- 
formly mixed  fluid  material.  Now,  that  is,  strictly  speaking,  mixed 
paint;  and  when  you  specify  that  a  structure  shall  be  painted  with 
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oxid  of  iron,  for  example,  mixed  in  pure  oil,  that  is  the  way  it  is 
prepared.  The  best  way  is  to  take  that  out  of  the  mixer  and  put  it 
through  a  burstone  mill.  In  that  way  little  lumps  in  the  pig- 
ment are  broken  up  and  the  pigment  is  more  perfectly  and  uniformly 
mixed  with  the  oil  than  it  otherwise  would  be.  This,  however,  adds 
to  the  cost.  It  probably  costs  about  twenty  cents  a  gallon  to  put  it 
through  a  mill  after  it  has  been  properly  mixed,  and  it  probably  is 
impossible  for  even  a  paint  expert  to  say  that  a  given  sample  of  paint 
has  or  has  not  been  put  through  a  mill ;  so  that  practically  nearly  all 
the  paint  that  is  sold  at  low  prices  is  simply  put  through  a  mixer. 
When  you  get  into  high-grade  paints, — paints  that  are  sold  by  repu- 
table houses  for  rather  high  prices, — they  are  always  ground  through 
a  mill,  and  sometimes  they  are  put  through  two  mills  in  succession  in 
order  to  get  them  more  perfectly  combined.  Sometimes  a  pigment  is 
mixed  with  a  small  amount  of  oil  in  another  kind  of  mixer,  and  is  in 
that  way  made  into  what  the  paint  men  call  paste.  That  is  usually 
put  through  a  roller  mill  or  something  of  that  sort.  When  that  is 
sold,  the  purchaser  buys  linseed  oil  and  mixes  it  himself.  There  is  a 
great  deal  of  paint  sold  in  that  way.  These  are  paste  paints.  The 
paint  manufacturer  usually  puts  in  a  little  turpentine, — not  for  the 
purpose  of  cheating,  because  at  the  present  time  turpentine  costs  more 
than  oil,  but  to  make  it  flow  better, — and  by  so  doing  he  increases  the 
proportionate  amount  of  pigment  in  the  oil.  Of  course,  turpentine  is 
volatile,  and  in  some  cases  he  expects  he  will  get  a  better  result  by 
having  a  larger  amount  of  pigment.  Some  paints  naturally  require  a 
very  small  amount  of  oil.  White  lead  is  an  example ;  paste  white 
lead  consists  of  ninety  pounds  of  white  lead  and  ten  pounds  of  oil.  It 
takes  very  little  oil  to  make  white  lead  paint,  and  it  is  not  good  prac- 
tice to  put  any  considerable  amount  of  turpentine  into  white  lead 
paint,  or  into  any  paints  which  take  a  small  amount  of  oil.  One  of 
the  greatest  objections  to  white  lead  is  that  it  comes  off  easily — is 
short-lived.  Now,  I  firmly  believe  (I  am  uot  interested  in  the  white 
lead  business  or  mixed  paint  business,  or  anything  of  the  sort)  that 
a  great  deal  of  the  fault  that  is  justly  found  with  white  lead  is  a  fault 
which  belongs  to  the  painter:  that  is,  he  has  thinned  that  white  lead 
with  turpentine  or  benzin  instead  of  thinning  it  with  oil,  because  it 
flows  better,  dries  quicker,  and  is  whiter.  Oil  yellows  up  white  paint 
very  much ;  and  the  result  is  that  he  does  not  have  cementing  material 
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enough  to  hold  the  pigment  together,  and,  of  course,  it  does  not  last. 
The  oil  which  is  used,  as  I  say,  is  linseed  oil.  Of  course,  there  are 
some  substitutes  for  linseed  oil  on  the  market.  I  do  not  propose 
to  speak  of  them,  because  the  extent  to  which  they  are  used  is  insig- 
nificant. 

Linseed  oil  is  made  by  pressure — by  subjecting  the  flaxseed  to 
pressure.  Sometimes  it  has  been  extracted  by  solvents,  but  nearly  all 
of  it  is  extracted  by  pressure,  and  it  is  purified  simply  by  allowing  it 
to  stand,  at  a  temperature  of  from  70°  to  90°  F.,  in  tanks,  for  two  to 
three  months,  and  that  is  practically  all  that  is  done  to  ordinary  raw 
linseed  oil.  The  big  oil  manufacturers  have,  within  the  last  two  or 
three  years,  improved  the  process  of  refining  linseed  oil  for  special 
purposes,  but  the  ordinary  raw  linseed  oil  is  made  in  that  way.  Raw 
linseed  oil,  spread  out  in  a  thin  film,  will  dry  in  about  five  or  six 
days.  That  is  very  slow;  so,  in  order  to  make  it  dry  more  rapidly, 
we  put  dryers  into  it. 

A  dryer — take  the  simplest  kind  of  dryer — is  made  by  putting 
some  linseed  oil  into  a  kettle  and  heating  it,  and  stirring  into  it  gradu- 
ally some  lead  oxid — red  lead  or  litharge,  or  a  mixture  of  the  two. 
The  lead  appears  to  dissolve  in  the  oil,  combines  with  it,  and  forms 
the  compound  lead  linolate,  which  is  soluble  in  linseed  oil.  Into  a 
gallon  of  oil  you  can  put  about  four  pounds  of  lead  oxid,  and  usually 
put  in  also  a  little  manganese  oxid.  A  mixture  of  lead  oxid  and 
manganese  oxid  is  better  than  either  one  alone,  but  a  comparatively 
small  amount  of  manganese  oxid  is  used  ;  only  a  small  amount  is 
necessary.  That  mixture,  made  by  taking  about  seven  and  a  half  or 
eight  pounds  of  oil  and  four  pounds  of  lead  oxid, — the  lead  linolate 
which  is  made  in  that  way  by  simply  heating  the  two  together, — if 
allowed  to  get  cold,  would  be  a  hard  cake ;  but  before  it  gets  cold  it 
is  thinned  down,  either  by  the  addition  of  oil,  or,  usually,  by  the 
addition  of  turpentine,  which  dissolves  it,  or  benzin,  or  something  of 
that  sort.  In  that  way  the  gallon  of  oil  that  you  started  out  with 
will  make  about  four  gallons  of  dryer,  containing,  as  I  say,  about 
four  pounds  of  lead  oxid.  Now,  why  should  that  lead  oxid  be  put 
in  there?  It  is  for  this  reason  :  when  linseed  oil  dries,  it  dries,  not  by 
a  process  of  evaporation, — as  alcohol  does,  for  example,  or  as  water 
does, — but  by  oxidation.  It  takes  up  oxygen  from  the  air,  and  the 
film  actually  increases  in  weight.  It  shrinks  in  bulk,  but  increases 
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in  weight.  If  you  put  a  film  of  linseed  oil  on  a  thin  piece  of  glass  or 
a  thin  piece  of  metal  and  weigh  it  carefully,  and  then  allow  it  to  dry 
thoroughly  hard,  you  will  find  on  weighing  it  again  that  it  has  actu- 
ally increased  in  weight.  That  has  been  known  for  more  than  a 
hundred  years.  The  film  takes  up  oxygen  from  the  air.  What  we 
want  to  do  by  the  addition  of  dryers  is  to  make  the  oil  take  up  oxy- 
gen more  readily.  It  does  that  if  it  has  a  small  amount  of  lead  or 
manganese  dissolved  in  it.  I  shall  not  go  into  the  theory  of  the 
matter  here,  because  it  is  a  chemical  problem,  and  probably  would  not 
interest  you  very  much ;  but  it  is  a  fact — it  is  a  well-known  fact,  and 
there  is  no  question  whatever  about  it.  The  presence  of  a  small 
amount  of  lead  in  it  greatly  facilitates  the  union  of  the  oxygen  with 
the  oil.  If  you  put  four  gallons  of  dryer  into  a  barrel  of  oil,  it  will 
make  all  that  oil  increase  in  its  capacity  for  taking  oxygen  so  much 
that  a  film  of  it  will  dry  reasonably  hard  in  twenty-four  hours.  It 
will  dry  as  hard  in  twenty-four  hours  as  it  would  before  in  five  days. 
Oil  which  has  been  thus  treated  is  called  boiled  oil.  In  early  times, — 
say,  thirty  or  forty  years  ago, — when  it  was  desired  to  prepare  oil  so 
that  it  would  dry  readily,  it  was  put  into  a  kettle, — the  whole  barrel 
of  oil,  for  example, — and  the  four  pounds  of  lead  oxid  were  dis- 
solved in  it  at  a  high  heat,  and  hence  the  oil  was  said  to  be  boiled. 
Some  oil  is  treated  so  now ;  but  you  see  that  the  actual  amount  of  oil 
combined  with  the  lead  is  comparatively  small ;  so  the  great  crushers, 
such  as  the  National  Linseed  Oil  Company,  and  all  such  people,  take 
a  portion  of  oil, — for  example,  ten  gallons  of  oil  to  dissolve  four 
pounds  of  lead  oxid, — and  then  they  mix  that  hot  with  the  other 
forty  gallons  of  oil.  Of  course,  it  is  carried  on  on  a  larger  scale : 
that  is,  five  or  six  hundred  gallons  of  oil  are  put  in  dryers,  and  after 
that  into  a  very  large  tank  of  oil,  the  whole  of  it  being  heated  at  a 
temperature  of  200°  F.,  and  it  is  thoroughly  mixed  by  stirring. 
That  is  sold  as  boiled  oil.  It  is  probably  much  better  than  the  old- 
fashioned  boiled  oil.  The  small-scale  manufacturer,  however,  can 
buy  his  dryer  made  in  the  way  which  I  have  described  from  some  of 
the  varnish  makers.  It  is  great  business:  he  buys  his  raw  oil  in  the 
barrel ;  takes  the  bung  out  of  the  barrel  and  pours  out  four  or  five 
gallons,  and  pours  in  four  or  five  gallons  of  dryer,  and  rolls  it  about 
until  it  is  mixed  reasonably  well,  and  that  is  boiled  oil.  That  oil  is 
said  to  be  "  boiled  through  the  bung-hole/'  and  is  spoken  of  disre- 
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spectfully  by  the  large-scale  manufacturers ;  but  small  dealers  say  it 
is  just  exactly  as  good  as  any,  and  I  know  some  very  large  users  of 
oil  who  prefer  oil  which  they  make  themselves  in  that  way  to  any 
which  they  can  buy.  I  believe  Dr.  Dudley,  of  the  Pennsylvania 
Railroad,  claims  that  has  been  more  satisfactory  than  any  other  way 
for  preparing  oil.  The  dryer,  of  course,  is  more  expensive  than  an 
equal  volume  of  oil ;  but  you  can  make  an  excellent  dryer  without 
using  any  linseed  oil  at  all  by  dissolving  your  lead  oxid  and  man- 
ganese oxid  in  rosin.  Rosin  is  an  acid  substance,  readily  unites  with 
these  things,  and  is  readily  soluble  in  oil,  turpentine,  and  benzin. 
Rosin  does  not  cost  much,  and  benzin  is  pretty  cheap,  and  conse- 
quently the  dryer  which  is  made  in  that  way  can  be  sold  at  a  lower 
price  than  oil ;  not  only  that,  they  do  not  use  anything  so  expensive 
as  rosin  nowadays.  They  use  rosin-oil,  which  is  even  cheaper,  and  I 
know  a  rosin-oil  dealer  in  Cincinnati  who  is  making  vast  quantities 
of  dryer  in  that  way  which  he  sells  for  about  eighteen  cents  a  gallon. 
Now,  when  linseed  oil  is  worth  fifty-two  or  fifty-three  cents,  the 
temptation  is  great  for  a  man  doing  this  kind  of  business  to  put  in  an 
extra  amount  of  dryer,  making  "  double  boiled  oil " ;  and  the  more 
he  put 8  in,  the  cheaper  it  is,  and  the  quicker  it  will  dry,  but  every 
bit  of  dryer  you  put  into  paint  is  a  damage  to  it.  There  is  no  doubt 
about  that.     The  dryer  lessens  the  life  of  the  film. 

A  raw,  linseed-oil  film  is  better  than  a  boiled  linseed-oil  film ;  but 
it  takes  a  longer  time  for  it  to  dry,  and  it  is  a  nuisance,  and  there  are 
various  objections  to  it ;  so  that  it  is  practically  better  to  use  boiled 
oil.  I  will  admit  that.  But  for  the  actual  durability  the  raw  oil  is 
best,  and  there  is  absolutely  nothing  to  be  said  in  favor  of  any  scheme 
for  putting  rosin  into  linseed  oil  or  into  varnish,  excepting  that  it  is 
cheap.  Rosin  is  a  damage  to  anybody  that  uses  it.  So  that  if  we  are 
going  to  use  linseed  oil, — boiled  oil, — I  should  either  buy  it  as  boiled 
oil  from  some  reputable  house  (the  large-scale  linseed  oil  crushers 
make  absolutely  reliable  products,  so  far  as  I  know),  or  I  should  buy 
the  dryer  from  some  equally  reliable  people  who  know  all  about  it 
and  who  would  furnish  a  good  article  for  a  reasonable  sum  of  money, 
and  mix  it  myself.  The  more  dryer  you  have  in,  the  worse  your 
product  is  going  to  be.  So  you  can  see  that  no  two  men  are  likely  to 
make  boiled  oil  the  same  in  its  composition  or  character,  because  the 
different  temperatures  at  which  they  cook  it,  the  different  amounts  of 
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dryer  they  put  in,  and  all  that,  will  change  the  product,  and  boiled  oil 
is  nothing  in  the  world  but  a  name.  Boiled  oil  is  very  much  more 
difficult  to  analyze,  and  consequently  much  more  liable  to  adulteration, 
than  raw  oil.  Boiled  oil  is  nothing  but  a  trade  name  for  a  class  of 
substances  of  extremely  varied  composition. 

•  I  want  to  speak  for  a  minute  about  the  composition  of  varnishes — 
the  way  varnishes  are  made.  Almost  all  varnishes  are  made  from 
linseed  oil  as  one  ingredient,  and  from  varnish  resins,  which  are  spoken 
of  by  the  varnish  maker  as  gums.  They  are  not  gums,  because  gums 
are  soluble  in  water ;  they  are  resins,  and  all  are  of  vegetable  origin. 
Most  of  these  are  fossil  resins :  that  is  to  say,  they  are  substances 
which  have  exuded  from  trees,  and  the  trees  have  died  and  fallen  to 
the  ground.  Resin  is  very  much  more  durable  than  wood,  and  the 
lumps  of  resin  gradually  become  buried  in  the  ground  and  are  found 
deposited  from  three  to  six  feet  below  the  surface.  The  natives  go 
around  with  iron  rods  and  prod  around  until  they  feel  the  lumps,  and 
then  dig  down,  and  when  they  get  a  basketful,  they  carry  it  down  to 
the  nearest  trader  and  trade  it  off  for  various  things  to  eat  and  drink 
and  wear,  and  it  becomes  an  article  of  commerce.  It  is  sorted  and 
cleaned  and  shipped  to  countries  where  it  is  used.  These  resins  are 
extremely  various  in  their  origin.  Probably  more  resin  than  any 
other  which  is  used  comes  from  New  Zealand.  Resins  come  from 
different  places:  in  Africa,  both  from  the  west  coast  and  from  the 
east  coast,  and  it  is  now  being  found  in  Brazil ;  some  is  found  in 
Mexico  and  some  is  being  found  in  Australia.  A  great  deal  has 
come  from  immemorial  times  from  the  Philippine  Islands  and  from 
the  East  Indies,  and  these  different  resins  vary  in  their  value  to  the 
varnish-maker  according  to  the  kind  of  varnish  they  make.  They 
differ  in  the  matter  of  hardness,  brilliancy,  and  color.  A  common 
kind — kauri,  for  example — will  be  found  in  at  least  a  dozen  different 
grades,  ranging  from  pieces  almost  transparent  and  colorless  to  pieces 
which  are  very  dark  brown  in  color — perfectly  opaque.  The  price  of 
these  varies  according  to  the  kind  and  color  of  the  resin,  varying  from 
about  seventy-five  or  eighty  cents  a  pound  for  the  higher  priced  resins 
down  to  five  or  six  cents  a  pound  for  some  cheap  products.  The 
actual  method  of  making  the  varnish  in  the  kettle  is  not  very  differ- 
ent from  what  it  was  thirty  or  forty  years  ago ;  the  varnish-maker 
takes  about  a  hundred  pounds  of  this  resin  and   puts  it  in  a  flat- 
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bottomed  kettle,  holding,  say,  a  hundred  and  fifty  gallons.  This 
makes  a  layer  over  the  bottom  of  the  kettle  three  or  four  inches  deep. 
This  kettle  is  mounted  on  a  little  cart  with  iron  wheels,  and  it  is 
wheeled  over  an  exceedingly  hot  coke  fire.  The  varnish-maker  stirs 
it  with  a  stirring  rod,  and  in  the  course  of  about  half  an  hour  the 
whole  of  the  resin  is  thoroughly  melted.  It  has  lost  in  this  process 
about  one-fourth  of  its  weight,  from  twenty  to  twenty-five  per  cent, 
having  gone  off  in  a  pungent  vapor.  The  varnish-maker  has  some 
refined  linseed  oil,  which  is  also  hot,  at  hand  ;  he  takes  this  kettle  with 
melted  resin  in  it  off  the  fire,  and  an  assistant  ladles  the  hot  oil  into 
the  resin  while  the  varnish-maker  stirs  it.  Of  course,  you  will  see  at 
once  that  the  kind  of  varnish  will  depend  primarily  upon  how  much 
oil  is  put  into  that  unit  amount  of  resin.  The  smallest  amount  of  oil 
used  in  any  of  these  varnishes  here  was  twenty  gallons  to  the  hundred 
pounds  of  resin.  Twenty  gallons  of  oil  weighs  a  hundred  and  fifty- 
six  pounds,  and  the  hundred  pounds  of  resin  has  been  reduced  to 
about  seventy-five  pounds  in  the  process  of  melting;  so  that  there  is 
about  twice  as  much  oil  as  there  is  resin  in  a  twenty-gallon  varnish. 
The  smaller  the  amount  of  oil,  the  more  brilliant  and  harder  the  var- 
nish will  be.  If  we  wish  to  varnish  a  piece  of  household  furniture, 
we  will  not  put  in  more  than  twelve  gallons  of  oil.  We  want  it 
hard,  brilliant,  with  a  high  refractive  index,  to  give  a  high  finish ; 
and  need  a  very  hard  varnish, — a  very  high  polish, — and  for  such 
uses  it  need  not  be  very  elastic;  but  for  the  outside  of  a  carriage, 
for  example,  which  is  to  be  exposed  to  the  weather  and  to  rapid  and 
severe  changes  of  temperature,  while  we  desire  to  have  as  much  lus- 
ter, of  course,  as  possible,  we  want  something  elastic,  so  that  these 
finishing  varnishes  to  put  on  carriages  should  contain  from  twenty- 
five  to  thirty  gallons  of  oil  to  the  hundred  pounds  of  resin.  These 
varnishes,  you  see,  differ  primarily,  then,  in  that  respect:  the  amount 
of  oil  that  we  use.  The  varnish-maker,  of  course,  speaks  of  these  as 
ten-,  twenty-,  arid  thirty-gallon  varnishes.  That  is  the  way  they  are 
described  in  the  factory.  Of  course,  the  trade  names  under  which 
they  are  sold  have  no  real  meaning  to  the  roan  who  makes  the  varnish  ; 
they  have  only  a  traditional  meaning.  After  the  oil  has  been  put 
into  it,  the  kettle  is  put  back  on  the  fire  and  cooked  at  a  temperature 
ranging  from  400°  to  650°  F.  for  several  hours  until  the  material  is 
thoroughly  combined,  which  the  varnish-maker  judges  by  certain  tests 
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with  which  he  is  familiar.  It  is  then  drawn  off  the  fire  and  allowed 
to  cool  down  to  about  300°  F.,  and  then  thinned  down  with  turpen- 
tine, or,  in  the  case  of  cheap  varnishes,  with  benzin,  until  it  is  so 
thin  that  after  it  has  become  cool  it  will  be  of  the  proper  consistency 
to  work  under  the  brush.  The  turpentine  is  put  in  as  a  vehicle 
simply  to  thin  down  so  as  to  work  properly  and  spread.  These  oil 
and  resin  varnishes  are  all  made  in  that  way,  and  that  is  the  kind  of 
varnish  which  are  used  in  the  tests  shown  here.  There  are  also 
varnishes  which  are  made  by  dissolving  the  resin  directly  in  a  solvent. 
The  most  common  and  well-known  of  these  is  shellac.  Shellac  is  a 
recent  resinous  substance,  which  is  nearly  or  quite  soluble  in  alcohol. 
It  is  dissolved  in  alcohol  simply  by  agitation,  and  the  varnish  which 
is  made  in  that  way — shellac  varnish — is  of  an  entirely  different 
character  from  the  oil  varnishes.  It  dries  simply  by  the  evaporation 
of  the  solvent,  and  the  layer  which  is  left  on  the  surface  of  the  wood, 
or  whatever  it  is  put  on,  is  nothing  but  the  original  resin,  the  solvent 
simply  having  served  to  get  it  spread  out  in  a  uniformly  thin  film. 
There  is  comparatively  little  of  that  kind  of  varnish  made  as  com- 
pared with  the  others.  There  is,  of  course,  actually  a  very  large 
amount  of  it  used,  but  the  amount  is  small  compared  with  the  other. 

There  was  one  plate  here  in  the  Boston  set  coated  with  shellac 
varnish,  and  that  looks  white,  you  see;  but  actually  it  was  coated 
with  D.  C.  shellac,  and  it  looked  a  very  dark  orange-yellow  in  color 
when  it  was  originally  put  on.  That  has  been  standing  in  the  fresh 
water  for  two  years  without  any  appreciable  deterioration,  and  it  came 
out  in  excellent  shape.  The  most  astonishing  thing  is  that  shellac 
will  not  stand  in  salt  water  a  week.  It  will  -not  stand  exposed  to  the 
weather — sun  and  rain.  It  will  not  stand  a  month.  Now,  it  stood 
in  fresh  water  two  years,  and  came  out  just  as  good  as  when  it  went 
in.  I  am  not  interested  in  making  shellac  varnish,  but  that  was  a 
remarkable  and  extremely  interesting  thing,  and  there  are,  in  my 
judgment,  places  in  which  shellac  varnish  could  be  used  in  hydraulic 
work  because  of  certain  qualities  which  it  has.  It  dries  very  quickly, 
— in  two  or  three  hours, — and  it  can  be  put  on  metal ;  it  can  be  put 
on  a  surface  somewhat  damp,  because  the  alcohol  would  immediately 
take  up  the  water,  and  ordinary  varnish  can  not  be  put  on  such  a  sur- 
face as  that  at  all. 

Why  should  we  put  pigment  into  oil  to  make  paint?     We  put  pig- 
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ment  into  oil  to  make  paint  for  three  reasons :  One  is  that  the  liquid 
thus  made  is  thicker  than  the  oil  alone :  that  is,  it  makes  a  coating  of 
greater  thickness.  You  have  no  idea  (unless  you  have  made  some 
experiments  in  the  matter)  how  thin  a  coating  of  paint  is.  When  a 
man  says  that  a  structure  has  not  stood  well,  that  a  railroad  bridge, 
for  example,  has  not  stood  well  because  it  has  not  been  painted  for 
three  or  four  years  and  the  paint  has  begun  to  go  to  pieces — I  tell 
you  it  is  a  surprise  to  me  that  anybody  can  make  a  film  so  thin  as  a 
film  of  paint  is  which  will  last  two  or  three  years.  I  have  measured 
the  coating  on  some  hundreds  of  plates  by  the  simple  means  of  taking 
a  Brown  &  Sharp  micrometer  caliper  and  measuring  the  thickness  of 
the  plate  with  the  coating  on  it,  and  then  scraping  the  coating  off  and 
measuring  the  thickness  again,  and  so  getting  the  thickness  of  the 
coat  of  dry  paint  on  it.  For  two  good  heavy  coats  of  paint  you  can 
get  a  coating  varying  from  0.002  to  0.004  of  an  inch  in  thickness. 
That  is  very  thin,  and  that  coating  is  at  least  twice  as  thick  as  it 
would  be  if  there  were  no  pigment  in  it ;  so  pigment  is  put  in  there, 
for  one  thing,  to  increase  the  thickness  of  the  film.  It  makes  it  more 
substantial  in  body,  just  as  sand  makes  a  body  in  asphalt  pavement. 
That  is  one  thing.  Another  thing  is  that  the  film  made  in  that  way 
is  a  great  deal  harder  and  stands  a  great  deal  more  abrasion  than  an 
oil  film.  This  oil  film  is  naturally  soft  and  elastic,  but  the  pigment 
in  it  makes  it  harder  and  makes  it  very  much  more  durable  in  that 
way.  The  third  thing  is  that  an  oil  film  (as  has  been  pointed  out  by 
Dr.  Dudley  and  several  others)  is  always  porous.  Now,  we  mix  pig- 
ment in  it  for  the  purpose  of  filling  those  pores.  It  practically  does 
that.  No  paint  is  absolutely  nonporous;  but  it  is  very  much  less 
porous  if  it  has  pigment  in  it. 

The  finer  the  pigment  is,  the  better  the  paint  is  going  to  be  in  all 
these  cases.  Now,  if  that  is  what  pigment  is  good  for  in  paint,  why 
should  it  not  be  just  as  good  mixed  in  varnish  ?  Of  course,  we  have 
been  using  varnish  on  furniture,  railroad  carriages,  and  all  that  sort 
of  thing,  for  a  long  time.  There  are  violins  in  existence  made  three 
hundred  years  ago  which  have  the  varnish  on  them  that  was  made  by 
the  man  who  made  the  violin,  and  a  considerable  part  of  the  value  of 
the  violin  is  believed  to  be  due  to  the  peculiar  varnish  which  was 
used,  and  this  was  made  in  the  same  general  way  that  I  have  been 
describing  to  you.     The  furniture  which  was  made  a  hundred  and 
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fifty  years  ago  by  Martin,  a  celebrated  maker  of  Paris,  is  still  distin- 
guished by  the  beauty  of  the  varnish  on  it.  Varnish  is  a  thing  which 
lasts.  It  lasts  immeasurably  longer  than  an  oil  film  does.  But  if  pig- 
ment is  found  so  advantageous  in  oil  films,  why  should  we  not  put  it 
into  varnish  ?  We  do.  That  is  the  way  enamel  paints  are  made,  and 
enamel  paints  are  just  as  much  better  than  varnish  alone,  as  regards 
durability,  as  oil  paints  are  better  than  oil  without  pigment.  Some  of 
the  varnish  paints  shown  here  stood  perfectly  well  for  very  long  and 
severe  exposures,  where  the  corresponding  varnishes  have  deteriorated 
very  much,  and  where  the  oil  paints  have  been  entirely  destroyed. 
The  reason  why  varnish  is  better  than  oil  is  that  it  is  more  durable, 
smoother,  and  more  brilliant,  and  because  the  resin  dissolving  in  the 
oil  makes  it  harder;  it  makes  a  film  that  is  harder,  and  still  retains  a 
very  high  degree  of  elasticity — not  so  much  elasticity,  perhaps,  as  the 
original  oil  alone,  but  a  very  high  degree  of  elasticity ;  and  it  is  very 
much  more  impervious  to  moisture  than  oil.  That  has  long  been 
known.  Varnish  for  very  many  years  has  been  used  to  protect  oil 
paints.  You  paint  a  coach  or  a  railroad  carriage  with  paint,  and  then 
you  varnish  it  on  the  outside  to  protect  the  paint;  that  is  a  well- 
known  thing.  The  use  of  enamel  paints  on  structural  metal  work  is 
not  very  common  in  this  country.  I  have  been  very  much  struck, 
however,  in  corresj>ondence  I  have  had  with  foreign  members  of  the 
International  Society  for  Testing  Materials,  with  the  fact  that  at  leas* 
half — more  than  half,  I  should  say — of  the  inquiries  which  are  made 
by  these  foreign  authorities  on  the  paint  question  have  reference  to  the 
use  of  these  varnish  paints.  They  seem  to  be  very  common,  or  at 
least  comparatively  common,  in  Europe.  I  know  that  certain  particu- 
lar structures  were  painted  that  way  a  long  time  ago.  It  seems  to 
me,  from  the  correspondence  which  has  come  to  me  within  the  last 
couple  of  years,  that  the  use  of  varnish  paint  is  comparatively  com- 
mon. 


DISCUSSION. 

The  President  :  Of  the  many  important  and  unsettled  questions  connected 
with  engineering  there  is  probably  none  more  important,  and  certainly  none  more 
thoroughly  unsettled  than  this  question  of  paint  It  is  an  open  secret  that  the 
engineer  knows  very  little  about  paint  :  What  it  should  be  ;  how  it  ought  to  be 
applied  ;  how  much  extra  expense  may  properly  be  incurred  for  one  kind  more  than 
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another  on  account  of  its  superior  properties,  and  so  on.  This  is  evident  from 
our  specifications,  for  notwithstanding  that  they  enter  with  great  minuteness  into 
the  requirements  for  the  material,  allowable  unit-stresses,  etc ,  yet  in  the  matter 
of  paint  we  find  the  same  vague  platitudes  with  which  we  have  been  long 
familiar.  The  inspection  is  also  apt  to  be  slighted.  The  paint  itself  is  seldom 
critically  tested,  and  usually  not  inspected  at  all. 

To  a  certain  extent  we,  as  engineers,  can  evade  the  responsibility  by  placing  it 
upon  the  chemist  In  order  that  a  satisfactory  remedy  may  be  brought  about, 
we  must,  however,  cooperate  willingly  and  intelligently  with  the  chemist.  It  is 
for  the  chemist  to  point  the  way,  which  must,  of  course,  be  adapted  to  practical 
conditions.  It  is  for  the  engineer  to  give  this  matter  more  careful  consideration, 
especially  in  studying  the  value  in  actual  service  of  the  paints  proposed  by  the 
chemist     Unless  that  is  done  much  progress  is  not  to  be  expected. 

S.  P.  Sadtler.— I  have  had  no  experience  in  this  work,  but  in  the  line  of 
remarks  made  by 'Professor  Sabin  when  he  went  into  the  discussion  of  paints 
and  varnishes  in  general  I  agree  with  him.  I  agree  with  him  decidedly  on  the 
question  of  linseed  oil  substitutes.  I  have  had  occasion  from  time  to  time  in 
recent  years  to  analyze  varnishes,  and  I  know  how  very  cheaply  and  how  very 
poorly  some  of  these  things  are  made  now  which  pass  for  dryers.  There  is  no 
doubt  but  what  it  has  been  a  very  serious  drawback  to  good  work,  especially 
in  varnishes— this  matter  of  substituting  rosin  and  rosin-oil ;  and  there  is 
generally  now  a  feeling  of  condemnation  of  such  products  in  which  rosin-oil  is 
claimed  to  be  in  any  way  equal  to  linseed  oil.  Linseed  oil,  of  course,  has  a  nota- 
ble drying  power,  and  there  is  no  other  drying  oil  which  seems  to  be  at  all  equal 
to  it  We  have  seen  drying  oils  and  other  substitutes  used  in  connection  with  it, 
but  it  seems  to  me  always  a  case  of  cheapening,  with  no  positive  advantage  at  any 
time  in  the  use  of  these  substitutes.  I  agree,  too,  with  Professor  Sabin,  to  a  great 
extent,  in  what  he  said  in  regard  to  the  value  of  pigment  in  a  varnish,  making 
thereby  a  so-called  enamel  varnish.  I  remember  having  read  what  Dr.  Dudley 
said  about  the  fact  of  the  existence  of  the  porous  character  of  varnishes ;  and  I 
have  no  doubt  but  that  enamel  varnishes  are  distinctly  the  best  kind.  My  expe- 
rience has  been  entirely  connected  with  the  analytic  examination  of  varnishes  and 
enamels,  and  I  have  had  no  experience  whatever  in  regard  to  this  matter  of 
exposure,  of  metal  to  fresh  and  salt  water — either  of  itself  or  coated  with  paints, 
varnishes,  and  enamels.  I  was  very  much  interested  in  it.  I  have  been  inter- 
ested in  a  somewhat  similar  question  recently  as  to  the  possibility  of  getting  some 
of  these  enamels  which  will  stand  exposure  to  strong  acids,  and  had  some  corre- 
spondence with  Professor  Sabin  on  that  matter.  An  enamel  varnish  which  has 
been  found  to  be  acid  proof  is  a  great  desideratum.  There  is  great  need  for  just 
such  an  article  or  just  such  a  protecting  film  for  metal,  because  we  know  the  cor- 
rosive effect  of  acid  when  kept  a  considerable  length  of  time  in  contact  with  metal 
I  am  very  glad  that  Professor  Sabin  has  given  us  the  full  talk  he  has  this  even- 
ing, as  there  was  a  great  deal  that  is  not  generally  known.  There  is  no  doubt 
but  that  engineers  will  reap  the  benefit  of  a  discriminating  study  of  the  question 
of  paints,  and  the  inspection  of  paints  will  have  to  be  more  of  an  important  mat- 
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ter,  probably,  than  it  has  been.    It  is  not  simply  the  question  of  pigment,  bat 
very  largely  as  to  what  vehicle  is  used  with  it 

The  President. — Some  experiments  have  been  in  progress  in  the  city  for  a 
period  of  years.  I  do  not  know  whether  the  results  are  in  shape  for  report  or 
publication,  but  if  Mr.  Webster,  of  the  Bureau  of  Surveys,  or  Mr.  Mills  is  pres- 
ent, I  hope  we  shall  hear  from  one  of  them. 

C.  M.  Mills.— In  the  absence  of  Mr.  G.  S.  Webster,  I  will  refer  briefly  to  the 
practice  of  the  Bureau  of  Surveys  in  reference  to  painting  and  to  certain  tests  of 
paint  materials  used  by  the  Bureau.  The  importance  of  the  quality  of  materials 
and  methods  of  application  has  been  recognized,  and  the  utmost  care  has  been 
.exercised  to  secure  good  results.  The  specifications  have  prescribed  the  quality 
of  all  materials,  the  preparation  of  surfaces  to  be  painted,  and  workmanship  in 
applying  the  shop  and  field  coats.  Analyses  have  been  made  of  oils  and  pig- 
ments prior  to  acceptance  for  use.  It  is  very  difficult,  with  the  prevalent  prac- 
tices in  the  shops,  to  regulate  properly  the  shop-coats,  which  affect  so  materially 
the  ultimate  results.  The  increasing  scrutiny  of  this  detail  of  structural  work  by 
engineers  will  result,  it  is  hoped,  in  the  recognition  of  its  importance  by  shop 
managers,  and  in  more  attention  to  its  execution. 

In  view  of  the  large  number  of  bridges  over  railways  in  the  city,  it  was  desired 
to  find  the  best  preservatives  to  be  applied  on  metal  exposed  to  the  fumes  from 
locomotives.  Paint  manufacturers  were  invited  to  submit  samples.  Fifty-four 
sample  plates  were  received,  which  represented  the  makes  of  twenty-two  manu- 
facturers. Forty -four  of  these  plates  were  in  duplicate,  representing  twenty-two 
kinds.  Twenty-two  were  put  up  over  the  northbound  main  track  of  the  Philadel- 
phia and  Reading  Railway,  under  the  Columbia  Avenue  Bridge,  and  the  other 
twenty-two  were  put  over  an  adjoining  side  track.  The  Columbia  Avenue  Bridge 
was  selected  as  a  typical  structure  with  low  head-room  (about  sixteen  feet).  The 
plates  were  twelve  by  twenty-four  inches  in  size,  coated  on  both  sides  with  such 
preparations  as  the  manufacturers  preferred  to  use,  and  which  they  recommended 
as  being  best  adapted  for  such  service.  Two  wooden  frames  were  made,  each 
containing  eighteen  compartments,  the  plates  resting  flat  on  their  edges,  so  that 
both  the  upper  and  lower  surfaces  were  exposed.  The  first  lot  of  plates  was  put 
up  in  August,  1897,  and  after  thirty-five  days'  exposure,  on  being  removed  for 
examination,  it  was  found  that  the  coatings  on  the  lower  surfaces  had  been  in 
many  cases  entirely  destroyed.  It  appeared  as  if  the  severe  action  of  the  cinders 
coming  from  the  locomotive  stacks  and  the  heat  had  destroyed  the  vehicle,  and 
the  abrasion  had  been  so  severe  that  out  of  eighteen  plates,  fourteen  were  much 
pitted,  with  very  little  covering  left  As  it  was  understood  with  the  manufac- 
turers that  the  information  derived  from  these  tests  was  solely  for  the  use  of  the 
Bureau,  and  not  to  be  made  public,  I  can  not  give  particulars ;  but  it  may  be 
interesting  to  the  Club  to  know,  in  a  general  way,  what  the  results  were.  One 
of  the  plates  of  this  lot  which  stood  best,  both  on  top  and  on  bottom,  was  primed 
with  red  lead,  and  had  one  additional  coat  of  a  proprietary  composition.  The 
bottom,  or  most  exposed  surface,  was  well  preserved  over  about  four-fifths  of  its 
area.     The  upper  surfaces  of  three  plates  of  this  lot  were  in  excellent  condition. 
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The  plates  were  exposed  in  six  groups,  the  conditions  being  practically  the  same 
in  each  group.  We  found,  after  removing  the  plates  from  over  the  main  track, 
that  none  was  in  such  condition  as  would  warrant  its  being  reexposed.  The 
plates  over  the  side  track  remained  in  place  nearly  eight  months,  and  in  most 
cases  the  coatings  on  their  lower  sides,  exposed  to  the  exhaust  of  the  locomotives, 
were  so  seriously  affected  that  they  were,  in  about  one-half  of  the  specimens, 
practically  destroyed,  and  the  others  were  seriously  injured.  The  worst  specimens 
were  full  of  blisters,  pitted  with  rust,  and  presented  a  pock-marked  appearance. 
The  upper  surfaces  of  the  plates  over  the  side  track  were  nearly  all  in  good 
condition.  A  careful  record  was  made  of  the  behavior  of  each  plate, — of  its  loca- 
tion, time  of  exposure,  and  all  the  conditions  affecting  it,  maintaining  as  far  as 
possible  an  equality  of  conditions  for  the  various  specimens. 

There  are  quite  a  number  of  structures  in  town  in  which  the  head-room  is  low, 
and  from  inspection  of  these,  and  the  tests  made,  we  came  to  the  conclusion  that 
for  ordinary  head-rooms— not  exceeding  about  twenty  feet — it  is  improbable  that 
any  paint  is  to  be  found  which  will  remain,  without  some  protection  between  it 
and  the  locomotive  exhaust,  to  prevent  the  mechanical  effect  of  the  impact  of 
the  cinders.  Under  new  bridges  the  Bureau  is  placing  wooden  sheathing 
attached  to  the  overhead  structure,  over  the  tracks.  I  would  state  in  this  con- 
nection that  under  the  bridge  built  in  1894,  on  the  line  of  Girard  Avenue,  over 
the  Reading  Railway  tracks  on  Pennsylvania  Avenue,  where  travel  is  almost  inces- 
sant, and  where  engines  are  standing  a  great  deal  of  the  time,  a  sheathing  of 
white  pine  was  placed  when  the  bridge  was  first  built  The  sheathing  completely 
covered  the  whole  under-side  of  the  bridge.  The  metal-work  of  the  bridge  was 
painted  with  red  lead,  with  a  small  admixture  of  lamp-black.  The  sheathing  was 
painted  with  two  coats  of  asbestos  paint  when  first  put  up,  and  three  months 
afterward  with  two  additional  coats  of  the  same  paint.  The  sheathing  was  sus- 
pended from  2-inch  by  8  inch  joists,  and  was  nailed  up  close  in  place.  After  five 
years'  service,  in  the  summer  of  1899,  it  was  found  that  the  paint  was  extremely 
well  preserved.  Inside  the  sheathing  there  was  very  little  evidence  of  any  deteri- 
oration. It  was  sound  and  without  sign  of  rust,  excepting  along  the  corners  of  cer- 
tain plates,  where  the  paint  had  been  brushed  out  thin.  Wood  was  selected  for  the 
service  because  it  was  thought  that  it  would  better  resist  the  abrasion  of  cinders 
than  metal  sheathing,  and  the  results  have  been  very  satisfactory.  The  sheath- 
ing was  found  to  be  sound  and  in  excellent  condition. 

The  Forty-ninth  Street  Bridge  over  the  West  Chester  and  Philadelphia  Railroadi 
built  in  the  same  year,  was  similarly  treated.  I  will  further  state,  in  connection  with 
the  investigation  of  paints,  that  on  the  west  approach  viaduct  of  the  Gray's 
Ferry  Bridge  over  the  railway  tracks  it  was  decided  to  use  some  of  the  paints 
manufactured  for  this  special  service.  There  were  six  spans  over  the  tracks,  and 
six  paints  were  used.  As  no  other  paints  have  been  applied  in  the  repainting  of  old 
structures,  the  behavior  of  an  additional  number  will  be  obtained.  The  paint  was 
applied  at  the  shops,  so  that  the  manufacturer  received  the  benefit  of  the  priming 
as  well  as  the  field  coats.  It  would  have  been  desirable  to  have  had  the  paints  on 
one  span,  so  as  to  insure  a  comparison  under  identical  conditions  of  service.    The 
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difficulty  in  accomplishing  this  was  so  great  that  we  did  not  attempt  it,  and  con- 
fined one  kind  of  paint  to  one  span,  and  it  required  great  care  to  separate  the 
material  and  to  get  the  right  paints  applied.  It  is  so  difficult  to  get  paint  applied 
properly  at  the  shops  that  I  would  be  very  glad  if  any  one  here  has  any  suggestions, 
or  knows  of  any  system,  whereby  better  results  could  be  attained.  At  the  shop  the 
foundation  for  the  field  work  is  laid,  and  good  painting  in  the  field  over  inferior 
painting  at  the  shop  results  in  serious  disappointment 

Professor  Sabin. — Most  of  these  plates  are  what  are  known  to  the  trade  as 
cold  rolled  plates.  They  came  to  me  with  a  bright  surface ;  not  absolutely  the 
grayish-white  color  of  the  metal,  but  a  large  proportion  of  the  surface  was  so. 
Some  of  it  seemed  to  have  a  very  thin  film  of  bluish  oxid  that  was  practically  all 
removed  by  a  wire  brushing  to  which  it  was  subjected.  There  were  a  few  old 
plates  in  that  first  set  that  were  not  that  kind  of  metal.  They  were  ordinary 
boiler-iron  plates,  and  those  I  pickled  and  limed ;  but  the  pickling  and  liming, 
while  it  has  been  extensively  used,  and  is  extensively  used  to-day  in  Europe  in 
shop-work  and  bridge- work,  is  not  so  nice  and  clean  a  method  as  is  the  use  of  the 
sand-blast ;  but  one  can  not  use  a  sand-blast  everywhere,  and  can jiot  use  pickling 
everywhere.  I  suppose  one  could  use  the  sand-blast  anywhere  that  one  could 
pickle.  I  believe  that  when  the  sand-blast  has  been  used  enough  to  perfect  our 
knowledge  of  it,  it  will  be  found  to  be  economic  The  process  of  pickling  is 
said,  by  those  who  have  actually  operated  on  a  large  scale,  to  be  quite  a  cheap 
process,  but  it  is  longer.  The  iron  has  to  be  pickled,  then  the  acid  washed  off, 
then  limed,  then  subjected  to  the  oven,  and  then  the  lime  removed.  When  one 
uses  iron  that  has  a  coat  of  scale  on  it  (that  is  practically  the  way  it  comes),  per- 
haps it  is  because  of  the  limited  amount  of  money  that  is  available  for  a  partic- 
ular structure  ;  but  that  condition  has  nothing  to  do  with  the  paint  test.  When 
such  a  piece  of  iron  is  painted,  it  is  not  making  a  paint  test  at  all.  It  is  a  scale 
test.  Two  pieces  of  iron,  even  two  sides  of  the  same  piece  of  iron,  can  never  be 
obtained  with  the  same  thickness  of  scale.  Consider  a  large  plate  of  iron  or  steel 
— an  ordinary  rolled  plate,  such  as  is  made  for  pipe-line ;  a  plate,  say,  seven  feet 
wide  and  ten  feet  the  other  way.  Such  a  plate  will  never  be  found  which  has  a 
scale  the  same  thickness  on  the  same  side  of  all  parts  of  the  plate ;  and  when  dif- 
ferent pieces  are  cut  out  of  that  plate,  the  samples  will  give  uniform  and  corre- 
sponding tests  of  different  paints.  It  will  be  simply  testing  the  different  scales ; 
and  to  make  a  paint  test  there  is  no  question  in  my  mind  but  that  the  only  way 
is  to  get  down  to  the  clean  bright  surface.  If  we  want  to  test  the  scale,  that  is 
another  thing.  I  do  not  believe  that  we  could  get  reliable  results  in  regard  to 
the  different  kinds  of  paints  in  any  other  way.  In  regard  to  the  tests  which  Mr. 
Mills  has  been  describing  on  that  bridge-work,  he  came  to  exactly  the  same  con- 
clusion that  I  came  to  long  ago :  simply  that  paint  is  not  a  substance  to  be  used 
in  such  places.  There  are  places  where  one  may  use  paint  and  varnish  with  good 
results,  but  such  is  not  a  place  where  either  paint  or  varnish  should  be  used,  and 
any  man  that  expects  to  preserve  a  steel  overhead  bridge,  with  sixteen  or  eighteen 
feet  head-room,  will  be  a  victim  of  misplaced  confidence.  I  see  that  the  country 
is  getting  full  of  these  things,  and  there  has  never  been  one  of  them  yet  that  will 
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stand.  If  I  were  building  a  bridge  like  that,  I  should  do  as  you  have  done  here 
— sheath  it  up  in  some  way.  I  think  Mr.  Jackson  protected  the  Huntington 
Avenue  Bridge  in  Boston  with  lead  sheathing.  It  must  have  been  on  four  years, 
and  is  said  to  be  in  very  good  shape  yet  The  lead  used  was  sheet-lead  ;  just 
how  it  was  fastened  I  do  not  know.  They  painted  the  iron  very  smoothly  and 
thoroughly,  and  then,  after  erection,  put  the  lead  on.  I  understand  that  it  is 
satisfactory. 

Jos.  T.  Richards. — These  tests  were  all  made  under  water.  Do  you  consider 
that  they  would  be  as  reliable  to  be  used  on  metal  piers  and  on  bridges  ?  The 
problem  that  comes  to  me  is,  How  can  we  protect  iron-work  about  the  salt  water 
— not  necessarily  ships'  bottoms,  but  iron  bridges  and  piers  ? 

PROFESSOR  Sabin. — In  general,  I  should  say  that  these  results  practically 
correspond  with  the  results  which  have  been  obtained  from  testing  materials  in 
the  air.  That  is  not  so  in  the  case  of  some  particular  things  which  are  specially 
intended  for  hydraulic  work,  and  it  is  not  true  of  some  things  intended  solely  for 
aerial  work.  Some  of  these  paints  we  know  will  stand  perfectly  well  for  a  long 
time  in  the  air,  but  go  to  pieces  immediately  in  sea-water.  There  are  excep- 
tions to  the  general  statement ;  but  as  a  general  thing,  taking  the  bulk  of  these 
tests,  they  correspond  with  the  aerial  tests  which  we  are  constantly  carrying  on. 
This  particular  set  of  tests  (everybody  is  carrying  on  aerial  tests)  were  of  special 
interest  because  they  were  certainly  the  most  extensive  set  of  tests  of  this  kind 
which  have  ever  been  made.  One  ought  to  be  able  to  judge  from  tests  conducted 
in  this  way  what  results  are  likely  to  be  obtained  on  the  average  ;  but  for  a  par- 
ticular case,  if  one  is  going  to  make  tests  on  plates  the  size  of  these,  I  do  not 
believe  we  can  get  corresponding  results  unless  the  plates  are  cleaned.  If  we 
are  going  to  test,  say,  ten  similar  bridges,  each  having  four  or  five  thousand 
square  feet  of  surface,  so  that  we  can  compare  one  bridge  with  another,  then 
we  get  sufficient  uniformity  in  each  bridge,  so  that  we  can  probably  test  your 
paints  there ;  but  with  small  pieces  no  two  of  them  are  sufficiently  alike  to  get 
corresponding  results. 

L.  Y.  Schermerhorn.— Between  1872  and  1878  the  Government  constructed 
a  landing  pier  at  Lewes,  Delaware,  which  consisted  of  hammered  wrought-iron 
piles,  supported  upon  cast-iron  screw-flanges  at  the  bottom.  The  pile-shafts 
were  from  6  to  8$  inches  in  diameter.  At  an  examination  of  these  piles  made  in 
1890  the  following  was  noted  :  From  the  bottom  of  the  bay  to  low  water  the  piles 
were  covered  with  a  coating  of  mussels  and  shells  from  6  to  8  inches  thick.  When 
these  were  removed,  the  surface  of  the  wrought-iron  was  found  filled  with  small 
cavities,  of  a  streaky  fibrous  appearance,  but  not  deeply  corroded.  Below  the 
surface  of  the  sand  the  outer  scale  of  the  piles  was  generally  still,  smooth,  and 
hard,  with  only  a  few  rusty  spots.  Between  low  and  high  water  the  pile  had 
been  but  little  affected,  but  above  high  water  the  oxidation  had  been  very 
marked,  and  showed  in  the  form  of  loosened  scales  superposed  on  one  another, 
and  very  materially  increasing  the  diameter  of  the  pile.  These  scales  were  easily 
removed  by  light  blows  of  a  hammer,  and  indicated  a  corrosion  in  many  cases 
from  J  to  }  of  an  inch  deep. 
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The  diagonal  bracing,  which  was  of  square  rolled  iron,  was  generally  more 
deeply  corroded  than  the  hammered  iron  pile-shafts.  This  corrosion.'was  specially 
noticed  where  the  upset  thread-ends  had  been  welded  upon  the  main  rods.  The 
screw-threads  also  generally  indicated  excessive  corrosion,  probably  on  account  of 
the  ends  of  the  fiber  being  there  exposed  to  the  action  of  the  air  and  salt  water ; 
occasionally  a  screw-end  would  be  seen  which  was  remarkably  free  from  oxidation. 
All  this  iron  had  been  originally  painted  with  lead  and  oil  paint. 

At  the  date  of  the  examination  referred  to  (1890),  a  few  of  the  piles  were 
removed,  which  had  been  injured  by  a  vessel  collision.  The  cast-iron  screw- 
flanges  were  found  in  some  cases  to  have  been  transformed,  for  some  distance  back 
from  the  edges,  into  a  plumbago-like  material,  which  was  easily  broken  with  the 
fingers.  This  same  appearance  was  to  be  seen  in  spots  over  the  other  parts  of 
the  screw-flanges.  I  believe  that  experience  has  developed  the  fact  that  a  light 
gray  cast-iron,  with  a  fine  crystalline  texture,  resists  the  action  of  salt  water 
better  than  dark-colored,  coarse  cast-iron. 

In  Lake  Superior  a  cross-cut  saw  which  remained  immersed  in  that  clear,  pure 
water  over  winter  was  found,  when  removed  in  the  spring,  to  contain  spots,  often 
several  inches  in  diameter,  of  a  black  material  resembling  charred  wood  which 
could  easily  be  forced  out  with  the  fingers.  The  remaining  parts  of  the  surface  of 
the  saw  were  bright  and  new. 

W.  Copeland  Furber. — I  wish  to  ask  for  some  information  about  quick-dry- 
ing ship-paints. 

Professor  Sabin.— The  vehicles  in  quick-drying  ship's  bottom  paints  are 
chiefly  lacquers  or  spirit  varnishes,  made  like  shellac  varnish ;  they  are  not  actu- 
ally made  of  shellac,  but  they  are  resins  dissolved  in  benzin  or  some  solvent  of 
that  kind,  which  will  dry  very  quickly.  Very  great  durability  is  not  expected 
from  ship's  bottom  paints.  The  United  States  Navy  requires  vessels  to  be 
scraped  and  repainted  every  six  months  ;  and  if  it  is  not  done  within  nine  months, 
the  commanding  officer  has  to  send  in  a  report  explaining  why  it  was  not  done. 
To  repaint,  it  is  necessary  to  put  the  ship  in  dry-dock,  and  that  costs  money  for 
every  day  it  is  there ;  so  that  it  is  better  to  use  a  paint  which  will  dry  very  quickly, 
and  without  regard  to  very  great  durability.  In  the  cases  in  which  the  solvent 
evaporates  the  paint  does  not  oxidize. 
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THE  DRAINAGE  AND  PROTECTION  OF  THE  PHILADELPHIA 

LOWLANDS. 

HARRISON  SOUDER. 
Bead  April  7, 1900. 

We  all  know  of  the  wonderful  results  accomplished  by  the  perse- 
vering and  painstaking  Hollanders  in  winning  their  country  from 
the  waters  of  the  ocean.  We  picture  Holland  as  a  land  surrounded 
with  dikes  and  intersected  by  ditches ;  in  fact,  the  larger  part  of  the 
surface  is  lower  than  tide-level,  some  of  the  polders  in  the  Leyden 
district  being  as  much  as  thirty-two  feet  below  the  sea.  I  doubt  not 
that  much  of  the  sturdy,  unflinching  character  of  the  Dutch  has 
been  developed  by  the  unceasing  battle  against  the  encroachments  of 
the  ocean. 

The  floods  of  the  Mississippi  and  the  levees  built  to  restrain  the 
waters  of  this  great  river  are  more  or  less  familiar  to  you.  Few, 
however,  I  imagine,  are  aware  that  several  thousand  acres  of  fine 
arable  land  within  the  limits  of  the  city  of  Philadelphia  lie  below 
the  level  of  the  tides  in  the  Delaware  and  Schuylkill  Rivers,  culti- 
vated under  the  protection  of  miles  of  surrounding  dikes,  and  drained 
by  numerous  canals  and  ditches  that  lead  the  inland  surface  water 
and  rain-water  to  the  various  points  of  discharge.  This  statement 
applies  mainly  to  that  portion  of  Philadelphia  lying  to  the  south  of 
Porter  Street  and  between  the  Delaware  and  Schuylkill  Rivers, 
known  locally  as  the  "  Neck,"  and  to  the  meadow-lands  lying  west  of 
the  Schuylkill  and  south  of  the  Chester  branch  of  the  Philadelphia 
and  Reading  Railroad. 

A  third  low  region  is  found  along  the  Frank  ford  Creek  and  the 
Delaware  River,  in  the  neighborhood  of  the  Pennsylvania  Railroad 
Delaware  River  Bridge.  This  last  district  is  a  comparatively  small 
one,  and  is  not  shown  on  the  map  accompanying  this.     (Fig.  1.) 

During  the  last  few  years  I  have  had  occasion  to  study  these 
low-lying  districts  with  reference  to  the  drainage  and  protection 
of  the  same,  and  believing  that  the  subject  presents  several  points  of 
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interest,  and  possibly  some  of  value,  I  submit  the  following  paper 
without  further  apology. 

The  meadow-lands  in  the  "  Neck"  and  in  West  Philadelphia  com- 
prise together  about  12  square  miles,  of  which  about  6.2  square 
miles  lie  west  of  the  Schuylkill. 

The  value  of  these  mud-flats  for  trucking  purposes  and  for  hay- 
making was  appreciated  by  the  colonists,  for  we  find  that  as  early  as 
1760  the  Greenwich  Island  Meadow  Bank  Company  was  formed 
under  a  charter  granted  by  King  George  II.  Other  similar  com- 
panies were  formed  subsequently. 

The  original  act  was  entitled  "  An  Act  to  enable  the  owners  of 
Greenwich  Island  to  embank  and  drain  the  same  and  keep  the  outside 
banks  in  good  repair  forever,  and  to  raise  a  fund  to  defray  sundry 
contingent  and  yearly  expenses  accruing  thereon." 

In  1804  a  supplement  to  the  enabling  act  increasing  the  company's 
]>6wers  was  passed  and  signed  by  Governor  McKean. 

These  companies  built  dikes,  sluices  or  flood-gates,  and  cut  drainage 
ditches.  The  board  of  managers  "of  five  fit  persons  (owners  of 
land),"  was  required  to  make  at  least  four  annual  inspections  of  the 
works,  and  had  the  right  to  collect  taxes  for  the  maintenance  of 
the  same  from  all  landholders  benefited.  The  dikes  were  to  be  at 
least  six  inches  higher  than  any  known  tide,  and  "  where  exposed  to 
hard  gales  of  wind  and  a  high  surf,  were  to  be  widened  and  guarded 
with  stone-work."  By  the  supplementary  act  the  managers  were 
authorized  to  levy  on  the  goods  and  chattels  of  landholders  refusing 
to  pay  the  taxes. 

Dr.  S.  Weir  Mitchell,  in  his  story  of  "  Hugh  Wynne,"  mentions 
the  ditches  in  the  southern  part  of  the  city,  and  tells  of  the  British 
foraging  parties  gathering  hay  in  the  meadows  west  of  the  Schuylkill. 

Figure  2  is  from  a  photograph  of  the  original  map  of  the 
meadow-lands  in  the  southern  part  of  the  city,  including  the  Green- 
wich Island  Company's  lands.  The  map  was  drawn  in  1787,  and 
shows  the  conditions  existing  there  in  those  early  days.  It  is  inter- 
esting to  note  that  Hollander's  Creek  was  navigable  by  fair-sized 
vessels  for  some  distance  from  its  mouth. 

Nearly  all  these  fen  lands  are  from  3  to  4  feet  or  more  below  the 
level  of  high  tide  in  the  rivers,  and  are  surrounded  by  earth  dikes  of 
various  heights  and  cross-sections.     An  inside  footing  ditch  10  feet 
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kj.  3. —Swanson   Street  Sli'icr   from  oitsidk  op    Dike,   showing    Boat-runway  and 
Stout  Dike  Protection. 


"ig.  4. — Swanson  Street  Sldice,  prom   inside  op   Dike,  showing  Small  Sluice-gates, 
Right  and  Left,  Draining  Footing-ditches. 
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wide  follows  the  main  dike  at  a  distance  of  15  feet  from  the  toe.  The 
dikes  are  usually  from  6  to  10  feet  wide  at  the  top,  with  slopes  varying 
from  1  on  1  to  1  on  2,  and  are  carried  about  3  feet  above  high-tide 
level.  In  some  cases  the  outer  slope  is  protected  by  a  facing  of  hand- 
laid  rip-rap,  to  prevent  the  cutting  action  of  the  waves  and  ice  and 
the  boring  of  musk-rats.  This  is  illustrated  by  the  cross-sectional 
drawings  and  in  the  views  of  Swanson  Street  sluice  (Fig.  3)  and  the 


Fig.  5. — Willow  Race  Sluice, — View  of  Dike  and  Meadows. 

Delaware  River  dike  at  Bridesburg.     (Fig.  10.)     Light  sheet  piling 
is  sometimes  driven  to  keep  out  the  rats. 

The  green  (t.  e.,  fresh)  river  mud  is  a  most  excellent  material  for 
building  dikes,  as  its  puddling  qualities  are  perfect.  Experienced 
dike  builders  cut  it  out  of  the  "mash"  in  cubical  '* spits "  with  a 
spade  and  throw  it  where  wanted.  The  lumps  are  then  spaded  to 
about  a  fourthof  the  original  size  and  lightly  trodden.     The  mass 
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soon  becomes  compact  from  its  own  weight,  settling  in  a  few  days 
possibly  an  inch  to  each  foot  of  depth. 

I  have  had  occasion  to  cut  through  a  dike  thus  formed  a  few 
days  after  its  completion,  and  have  found  it  perfectly  compact  and 
water-tight  throughout.  Cross-sections  of  the  dikes  in  different  parts 
of  the  city  are  shown  in  figures  6,  7,  8,  and  9. 

That  near  Venango  Street  in  the  Frankford  Creek  region  (Fig.  6), 
built  by  the  city  in  1894,  is  notable  as  being  considerably  different 
from  the  common  practice.  This  was  designed  to  replace  a  dike 
along  the  Delaware  River,  washed  away  by  flood.  You  will  note 
that  it  is  a  substantial  piece  of  work,  and  is  carried  9  inches  above 


Fig.  6. — Delaware  River  Wall  Between  Venango  Street  and  Hedlet  Street. 

the  great  flood  of  1878.  I  believe  it  has  never  required  repairs. 
The  photograph  (Fig.  10),  lately  taken,  shows  it  still  in  good  condi- 
tion. It  cost  about,  twelve  dollars  a  lineal  foot.  Figure  11  is  a  modi- 
fication that  I  have  suggested,  which  is  much  cheaper  and  equally  as 
effective.  A  cross-section  of  the  dike  and  protection  wall  as  built  by 
the  Government  at  Fort  Mifflin  is  shown  in  figure  8.  The  Darby 
Creek  dike,  shown  in  figure  9,  was  given  a  width  of  20  feet  on  top, 
to  provide  a  driveway  through  that  district. 

The  land  waters  are  generally  discharged  through  wooden  sluices 
on  the  falling  of  the  tides,  this  being  the  only  method  used  id  the 
"  Neck."    The  old  sluices  are  simple  affairs  and  withal  fairly  effective. 
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They  consist  of  wooden  boxes  or  trunks,  2  feet  by  8  feet,  provided 
with  hinged  flap-doors  at  the  outer  end.  A  place  for  the  sluice  was 
excavated  in  the  dike,  and  four  rows  of  sheet  piles,  2  inches  thick  by 
3  feet  long,  were  driven  into  the  mud  in  the  form  of  an  oblong  the 
size  of  the  sluice.  The  sluice-box  was  floated  in  and  settled  on  the 
piles  and  mud,  and  the  dike  built  over  it.  The  piles  were  not  for 
support,  but  only  to  prevent  rats  from  boring  under.  The  sluices 
thus  constructed  have  done  good  service  for  years,  but  have  required 
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Section  of  Delaware  (?iverD\ke   below  PR.R.  Bridge.. 


Section  of  Dike  and  Protective  Bulkhead  near  PoinrHouSe  Wharf, 
trgtyrmtnfr  by  harrffcgn  f  gyrfr^Cngmtfr. .... 


Fig.  7. 


considerable  attention,  and  were  not  ample  to  carry  away  heavy  rain- 
falls in  time  to  prevent  damage  to  the  lands. 

About  the  year  1870  an  effort  was  made  to  relieve  the  "Neck" 
lowlands  by  constructing  the  Swanson  Street  canal,  a  view  of  which 
is  shown  in  figure  13,  having- a  trapezoidal  cross-section,  with  a 
bottom  width  of  from  20  to  22  feet,  a  depth  of  about  7  feet,  and  a 
slope  of  1  on  1£.  This  canal  is  about  3  miles  long,  and  emptying 
into  it  through  small  sluice-boxes  are  many  miles  of  tributary  ditches. 
A  large  outlet  sluice  was  built  to  discharge  the  waters  of  this  canal. 
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In  1897-,98  the  lower  section  of  the  canal  was  enlarged  and  twin 
outlet  sluice-gates  were  built  to  replace  sluices  damaged  by  floods. 
The  twin  sluice  was  designed  by  the  late  Mr,  C.  A.  Trik,  Superin- 
tendent of  Bridges,  and  was  built  by  the  Bureau  of  Highways  under 
my  supervision.  The  new  design  was  a  radical  departure  from  the 
older  methods.  The  views  (Figs.  3  and  4)  give  a  clear  idea  of  its 
appearance.     The  total  opening  is  2  feet  by  36  feet,  or  72  square 
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Fig.  8. — Fort  Mifflin  Dike,  Built  in  1899-1900.    Ordnance  Bureau,  U.  S.  N. 

feet,  and  six  hinged  gates  are  provided.     It  cost  $16,572,  including 
slope,  paving,  and  dredging  the  outlet  canal. 

At  Willow  Race,  a  mile  above  the  Swanson  Street  outlet,  a  similar 
sluice,  but  one-half  the  size,  was  built  by  me  in  1899.  The  con- 
struction is  clearly  shown  by  the  drawings.  (Fig.  12.)  The  sluice- 
boxes  are  supported  on  a  timber  and  concrete  platform,  with  concrete 
retaining  walls  over  the  inlet  and  outlet,  the  whole  being  carried  on 
piles,  driven  to  refusal.  The  foundation  is  surrounded  with  a  tight 
coffer-dam  of  4-inch  and  6-inch  tongued  and  grooved  yellow  pine 
sheet  piling,  the  interior  being  packed  with  river  mud  before  the 


Digitized  by  CjOOQIC 


Souder — Protection  of  Philadelphia  Lowlands. 


117 


Fig.  9. — Darby  Creek  Dike  from  Gravel  Sluice  to  near  Bow  Creek. 


Fig.  10. — Delaware  River  Dike  at  Bridesdlrg. 
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platform  is  laid.  The  gates  are  provided  with  rubber  gaskets  bearing 
on  sheet  copper  seats. 

Both  of  these  main  outlet  sluices  have  been  working  admirably 
since  constructed;  the  only  complaint  made  against  them  has  been 
that  the  meadows  have  been  kept  too  dry. 

It  is  interesting  to  know  that  the  marsh  level,  outside  the  dikes  at 
this  place,  is  about  3  feet  higher  than  the  land  inside.  This  is 
because  the  marsh  receives  annual  deposits  of  mud  and  vegetable 
matter.  If  we  consider  the  dikes  to  have  been  in  place  since,  say, 
1760,— when  the   first   charter  was   granted, — this  would   give   an 
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annual  deposit  of  mud  of  -ffo  of  an  inch.  It  is  more  than  probable 
that  the  present  dikes  have  not  been  in  place  so  long,  and  about  ^  of 
an  inch  per  annum  would  be  a  more  nearly  correct  measure  of  annual 
deposit.  Possibly  some  of  those  present  can  give  us  some  information 
bearing  on  this.  I  would  say  that,  in  constructing  Willow  Race 
sluice,  three  old  shiices  were  discovered  to  have  been  there  before, 
and  the  remains  of  a  type  no  longer  seen  in  the  meadows  was  uncov- 
ered about  2 J  feet  below  the  surface  of  the  marshes.  The  dimensions 
of  the  old  gate,  which  was  the  only  part  discovered  uninjured,  would 
indicate  a  sluice  of  5  feet  by  2  feet  section ;  the  timbers  were  of  oak, 
and  were  still  in  good  condition.   Assuming  that  the  mud  is  deposited 
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at  the  rate  of  -$j-  of  an  inch  per  annum,  this  old  sluice  was  built  at 
least  a  hundred  years  ago.  West  of  the  Schuylkill  the  conditions  are 
similar  to  those  already  described,  and  considerable  money  has  been 
expended  in  relieving  the  congestion  of  waters. 

In  the  year  1892  City  Councils  appropriated  $27,000  for  the  pur- 
pose of  repairing  the  ditches  and  waterways  in  this  section  of  the 
city.     The  work  was  carried  out  under  plans  prepared  by  the  Bureau 


Fig.  13. — Swanson  Street  Canal, — Lower  Reaches  dammed  and  pumped  out  for 

Repairs. 


of  Surveys.  This  work  consisted  of  dredging  the  main  ditches  in  this 
territory  to  a  depth  of  approximately  8  feet  below  high  water  and 
approximately  2  feet  below  low  water  in  the  Schuylkill  River,  the 
bottom  width  being  8  feet.  Secondary  ditches  had  a  bottom  width 
of  6  feet. 

The  side  slopes  were  made  \\  horizontal  to  1  vertical,  with  a  berm 
above  the  natural  surface  formed  by  the  excavated  material.   Wooden 
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bridges  on  pile  foundations  were  built  at  the  same  time  at  all  road- 
crossings  over  the  ditches. 

The  lowlands  in  this  section  comprise  about  4000  acres  of  arable 
land,  principally  used  for  trucking,  dependent  upon  these  ditches  for 
drainage. 

In  1894,  4-j^  acres  of  ground  were  secured  at  the  mouth  of  the 
Mingo  Creek  as  a  site  for  a  pumping  station.  Councils  appropriated 
the  sum  of  $30,000  to  construct  a  pumping  plant  at  this  point,  and 
the  work  was  carried  out  under  the  supervision  of  the  Bureau  of 
Surveys,  after  the  design  of  Mr.  John  Birkinbine. 

The  building  consists  of  a  plain  brick  structure  on  solid  masonry 
foundations,  carried  on  a  pile  platform,  the  foundations  for  the 
machinery  being  similar,  but  separate  from  the  building.  It  cost 
$14,000. 

The  machinery  plant  consists  of  two  horizontal  tubular  boilers, 
15  feet  in  length  and  5  feet  in  diameter,  which  provide  the  steam  for 
two  16  X  28  X  20  tandem  compound  condensing  engines  of  the 
Porter-Allen  type,  driving  centrifugal  pumps,  4  feet  8  inches  in 
diameter,  directly  connected  to  the  engine  shafts.     (See  Fig.  14.) 

The  suction  of  each  pump  is  through  two  30-iuch  pipes,  the  dis- 
charge from  both  being  through  an  outlet  48  inches  in  diameter  car- 
ried through  the  bank.  The  machinery  was  built  by  the  Southwark 
Foundry  and  Machine  Company,  and  cost  $16,000. 

The  buildings  and  engines  were  practically  completed  at  the  end  of 
1895,  but  the  final  tests  of  the  engines  and  boilers  were  made  March 
13,  1896.  The  pumps  were  designed  on  a  basis  of  a  3-inch  rainfall 
to  the  acre  in  one  hour,  and  all  water  reaching  the  pumps  at  the  same 
time. 

The  specifications  required  that  sufficient  power  should  be  developed 
with  the  boilers  under  100  pounds  steam  pressure  to  lift  30,000  gal- 
lons a  minute  for  each  pump.  The  test  showed  that  the  pumps  had 
an  efficiency  of  67  per  cent,  and  were  capable  of  lifting  39,000 
gallons  each  minute  against  a  head  of  11  feet. 

The  result  of  installing  this  station  has  been  very  satisfactory,  in 
that  the  ground  water,  which  before  had  been  a  menace  to  crops,  has 
been  lowered  so  that  the  income  from  the  land  tilled  has  been  largely 
increased.  Figures  15  and  16  give  views  of  the  pumping  station,  show- 
ing forebay,  intake,  and  discharge.     The  taxes  have  been  increased 
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Fig.  15. — Mingo  Creek  Pumping  Station,  Showing  Forebay. 


Fig.  16. — Mingo  Creek  Pumping  Station,  Showing  Discharge. 
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and  the  city  has  obtained  a  substantial  return.  In  the  year  1899 
steps  were  taken  to  increase  the  efficiency  of  the  pumping  station  by 
enlarging  and  deepening  the  forebay  and  lowering  the  suction  pipes 
2  feet,  by  which  it  is  expected  to  further  reduce  the  ground  water. 
These  changes  are  now  under  way.  It  is  also  intended  to  dredge  and 
deepen  the  ditches  all  over  the  territory  in  order  to  deliver  the  water 
promptly  to  the  pumps. 

In  very  wet  seasons  the  pumping  station  is  absolutely  essential  to 
the  comfort  of  the  property  owners  in  this  section  and  to  the  security 
of  the  crops. 

It  has  never  yet  been  necessary  to  work  this  plant  to  its  full  capac- 
ity, one  pump  working  a  few  hours  a  day  being  sufficient  to  meet 
the  demands,  and  it  is  fully  ample  to  meet  the  additional  requirements 
due  to  lowering  the  suction  pipe.  The  expense  of  maintaining  this 
plant  is  $5000  per  annum* 

The  use  of  centrifugal  pumps  in  draining  lowlands  may  seem  to  be 
the  best  plan,  and  no  doubt  is  the  safest,  if  there  is  plenty  of  reserve 
power,  in  that  the  water  can  be  discharged  over  the  dikes  at  all  times. 

The  main  object  to  be  sought  in  these  installations  is  to  get  the 
water  off  the  land  in  the  quickest  possible  time,  to  prevent  the  scald- 
ing and  rotting  of  the  crops.  Properly  designed  tide-gates  will  do 
this,  provided  the  winds  are  not  adverse,  in  which  case  pumping  must 
be  resorted  to.  The  new  sluices  in  the  "  Neck  "  have  thus  far  proved 
equal  to  all  demands,  and  require  but  part  of  the  attention  of  one 
man. 

I  am  of  the  opinion  that  "the  most  economical  method  for  the 
Philadelphia  lowlands  would  be  to  install  a  medium-sized  pumping 
plant  in  each  district,  for  use  in  emergencies  only,  such  as  continued 
high  tides  due  to  adverse  winds  or  continued  periods  of  excessive 
rainfall,  and  to  provide  a  sufficient  number  of  well-built  sluices  or 
tide-gates  to  carry  off  water  under  usual  conditions.  The  pumps  in 
this  case  should  be  driven  by  electricity,  with  a  metered  supply, 
thus  saving  greatly  in  operating  expenses. 

The  care  and  maintenance  of  the  dikes  and  of  most  of  the  sluices  is 
still  in  the  hands  of  the  original  Meadow  Bank  Companies,  who  keep 
a  few  men  employed  steadily  in  digging  out  musk-rat  holes  in  the  dikes. 
The  city  takes  care  only  of  the  main  waterways  or  canals,  the  roadside 
ditches  in  some  cases,  the  pumptng  station,  and  the  two  new  sluices. 
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The  ownership  and  care  of  all  the  dikes,  sluices,  and  ditches  should 
be  vested  in  the  city,  and  the  improvement  and  maintenance  of  the 
same  should  be  carried  on  systematically  under  skilled  supervision. 

The  demands  of  commerce  and  manufactures  and  the  natural 
growth  of  the  city  are  gradually  reducing  the  area  of  the  fen-lands. 
The  hydraulic  dredge  and  the  city  ash-cart  each  year  raise  a  portion 
above  the  reach  of  the  tides.  The  arrangement  of  the  street  grades 
in  these  districts  to  meet  the  various  conflicting  problems  of  drainage, 
building  requirements,  and  railroad  rights  is  a  task  of  some  magnitude. 
League  Island  Park,  now  300  acres  of  sodden  grazing  land,  will  some 
time  hence  blossom  as  the  rose. 

It  will  be  many  years,  however,  before  the  need  of  draining  and 
protecting  our  lowlands  shall  have  ceased  to  exist. 

DISCUSSION. 

L.  Y.  Schermerhorn. — In  its  natural  condition  the  Delaware  river  and  bay 
presented  an  area  of  marshland,  covered  by  each  high  water,  varying  from  a  few 
hundred  feet  to  several  miles  in  width,  and  extending  from  the  low-water  line  to 
the  highlands  which  formed  the  ancient  banks  of  the  river.  These  marshlands 
consist  of  fluvial  deposits  of  mnd  and  silt  many  feet  in  depth,  qnite  commonly 
superposed  upon  a  tenacious  clay  ;  the  whole  derived  from  the  slow  deposit  of 
silt  upon  the  flanks  of  the  river. 

The  fertile  character  of  these  marshes,  when  protected  from  overflow,  led  the 
early  Dutch  and  Swedish  settlers  to  the  construction  of  earthen  embankments  for 
the  purpose  of  excluding  the  tide  from  the  marsh  areas  ;  this  work  of  the  early 
settlers  has  been  continued  and  expanded,  until  at  the  present  time  the  linear 
extent  of  these  dikes  along  the  main  banks  of  the  river  and  its  affluents  is  at  least 
200  miles. 

The  dikes  are  usually  placed  a  short  distance  inland  from  the  low-water  line, 
and  are  built  with  material  obtained  from  ditches  parallel  with  the  front  and  back 
of  the  dikes.  The  tops  of  the  dikes  are  about  6  feet  wide  and  have  an  elevation 
of  9  or  10  feet  above  mean  low  water ;  in  exposed  localities  the  river  face  of  the 
dikes  is  protected  from  the  action  of  wind-waves  by  stone  rip-rap  or  pitching. 
The  ditch  on  the  meadow  side  of  the  dikes  is  intersected  by  cross-ditches  through 
the  marsh,  for  the  collection  of  the  rainfall  and  seepage  from  the  meadows.  This 
system  of  ditches  finally  carries  the  water  to  a  sluice  through  the  dike,  where  it 
is  discharged  back  into  the  river. 

The  sluices  vary  in  size  with  the  amount  of  water  to  be  discharged.  An  area 
of  500  acres  will  generally  be  provided  with  a  sluice-box  about  6  feet  wide  and  2 
feet  deep,  placed  with  its  floor  at  about  the  level  of  the  mean  low  water,  and  pro- 
vided with  a  hinged  flap-gate  at  its  outer  end,  which  opens  upward  or  closes 
downward  as  the  pressure  of  water  varies  inside  or  outside  of  the  bank. 
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The  general  elevation  of  the  surface  of  the  larger  part  of  these  meadows  is 
about  half  tide,  or  3  feet  above  mean  low  water.  Under  cultivation  the  height 
of  the  meadows  is  reduced  from  2  to  3  feet.  It  is  not  an  infrequent  practice  for 
their  owners,  after  ten  or  fifteen  years'  cultivation,  to  cut  an  opening  in  the  dike 
and  freely  admit  the  tide  to  the  meadows  for  three  or  four  years,  whereby  a  new 
layer  of  rich  silt,  2  or  3  feet  in  depth,  is  again  deposited  by  the  tides  and  the  land 
thereby  restored  to  its  former  fertility ;  by  closing  the  opening  in  the  dikes  the 
land  is  again  reclaimed  for  cultivation. 

The  owners  of  contiguous  meadows  frequently  organize  into  a  meadow-bank 
company,  whereby  all  parties  in  interest  are  equitably  taxed  for  the  maintenance 
and  repair  of  the  banks,  ditches,  and  sluices  of  the  area  covered  by  the  particular 
company. 

In  considering  the  protection  of  lowlands  from  overflow  the  height  of  the  tides 
is  an  essential  element.  If  the  lands  are  to  be  used  for  manufacturing  or  com- 
mercial purposes,  it  is  evident  that  the  dikes  should  be  raised  to  a  height  above 
overflow ;  while  if  the  lands  are  used  only  for  the  cultivation  of  crops,  temporary 
overflow  would  rarely  be  injurious. 

Between  Cape  Henlopen  and  a  short  distance  below  Bombay  Hook  the  ampli- 
tude of  normal  tides  is  from  4  to  5  feet  Within  a  short  distance  of  the  latter 
point  the  tide  quite  suddenly  rises  to  about  6  feet,  which  height  is  continued  to 
Bridesburg,  in  the  upper  limits  of  Philadelphia ;  from  this  point  the  amplitude 
of  the  tide  again  decreases  to  Trenton,  where  it  is  about  4  feet 

The  normal  tides  just  referred  to  are  greatly  modified  by  severe  winds,  an  on- 
shore or  easterly  wind  at  the  mouth  of  the  bay  producing  an  increased  height  of 
high  water,  and  an  off-shore  wind,  a  reduction  in  the  height  of  the  normal  low- 
water  plane.  Storm  tides  of  from  8  to  8}  feet  above  mean  low  water,  or  from  2 
to  2}  feet  above  mean  high  water,  are  of  yearly  occurrence. 

The  city  datum  of  8.52  above  mean  low  water  about  coincides  with  ordinary 
storm  high  water.  At  rare  intervals  storm  tides  of  from  9  to  10  feet  occur,  and 
occasionally  they  have  reached  even  greater  heights.  The  storm  tide  of  October 
23,  1878,  is  the  highest  recorded,  and  attained  the  elevation  of  11.25  above  mean 
low  water  at  Fort  Mifflin,  and  11.7  at  Fort  Delaware,  or  a  height  of  from  5.25  to 
5.7  above  mean  high  water.  This  storm  tide  carried  the  water  far  above  the 
tops  of  all  the  land  dikes.  The  wind  was  from  E.  N.  E.  to  E.  S.  E.,  and  blew 
at  a  velocity  of  72  miles  an  hour ;  small  craft  were  in  some  instances  swept 
through  the  dikes  and  left  upon  the  meadows  from  }  of  a  mile  to  1}  miles  in- 
land. 

The  effect  of  an  off-shore  wind  in  depleting  the  tide  is  not  so  great,  and  seldom 
results  in  reducing  the  plane  of  normal  low  water  more  than  3  feet ;  but  at  the 
same  time  such  a  storm  will  force  the  mean  high-water  plane  down  to  a  point  but 
little  above  mean  low  water.  From  the  foregoing  it  results  that  the  extreme 
range  of  storm  tides  in  the  vicinity  of  Philadelphia  is  about  14}  feet,  and  the 
minimum  range  about  3  feet. 

The  concrete  bulkhead  in  process  of  construction  by  the  city  along  Delaware 
avenue  is  at  an  elevation  of  11  feet  above  mean  low  water,  and  this  elevation  has 
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generally  been  adopted  for  the  decks  of  the  new  piers.  The  New  York  Ship- 
building Co.,  of  Camden,  has  adopted  the  elevation  of  12  feet  above  mean  low 
water  for  the  surfaces  of  their  filled  areas  and  pier  decks.  The  former  elevation 
of  Delaware  avenue  was  about  9  feet  above  low  water,  and  frequently  storm  tides 
inundated  the  street  and  flooded  the  ground-floors  of  the  warehouses  in  Delaware 
avenue  north  and  south  of  Market  street 

Incident  to  the  protection  of  Philadelphia  lowlands  from  overflow,  the  effect  of 
freshet  floods  in  the  Delaware  river  should  be  referred  to.  Outside  of  temporary 
floods  in  the  upper  river  produced  by  ice-jams,  the  freshet  stage  of  the  river 
rarely  exceeds  10  feet  at  Easton,  8  feet  at  Lambertville,  and  6  feet  at  Trenton. 
By  the  time  these  floods  reach  the  vicinity  of  Philadelphia  they  are  so  reduced  in 
height  by  the  increased  width  of  the  river  as  to  become  quite  insignificant ;  and 
in  the  part  of  the  river  within  the  limits  of  Philadelphia  they  seldom  affect  the 
height  of  high  water  to  the  extent  of  raising  its  plane  more  than  one  or  two  feet 
above  normal  high  water.  In  other  words,  the  effect  of  freshets  is  much  less  than 
that  of  storm  tides,  previously  referred  to. 

Another  method  of  protecting  lowlands  from  overflow  is  the  filling  of  these 
areas  by  the  use  of  the  hydraulic  dredge.  The  question  is  often  asked,  What  is 
the  cost  of  such  a  method  of  filling  ?  To  this  a  general  answer  can  not  be  given, 
for  the  reason  that  the  cost  of  such  work  is  dependent  upon  varying  conditions 
which  greatly  affect  it  In  general  terms,  if  the  natural  elevation  of  the  land 
was  such  that  the  average  filling  did  not  exceed  6  feet,  there  would  be  required 
about  10,000  cubic  yards  of  fill  to  an  acre.  With  the  ordinary  river  lowland  this 
would  place  the  surface  9  feet  above  mean  low  water.  If  the  filling  consists  of 
river  silt  obtainable  within  about  3000  feet  of  the  place  of  deposit,  such  filling 
would  cost  the  owner  from  $800  to  $1000  an  acre,  excluding  the  cost  of  the 
necessary  embankments  for  impounding  the  material.  At  localities  where  the 
material  was  less  favorable  for  economic  handling,  and  the  distance  to  which  it  had 
to  be  conveyed  was  somewhat  greater,  the  foregoing  cost  might  be  doubled. 
Other  conditions  being  equal,  the  cost  of  handling  material  by  the  hydraulic 
method  increases  with  the  distance  it  is  transported  in  the  pipes :  with  favorable 
material  the  extreme  distance  would  be  about  5000  feet  I  consider  it  a  reason- 
able assumption  that,  ultimately,  the  lowlands  within  the  business  or  manufac- 
turing limits  of  Philadelphia  will  be  protected  against  overflow  by  filling  these 
areas. 

Mr.  Souder. — With  regard  to  the  figures  I  gave  on  the  increase  in  depth  of 
the  mud  outside  the  dikes,  I  might  state  that  the  conditions  in  the  southern  part 
of  the  city  are  not  exactly  similar  to  those  Mr.  Schermerhorn  mentioned.  It  is 
not  now  the  practice,  and  I  believe  it  has  not  been  the  custom  in  the  past,  to 
allow  these  lands  to  become  flooded,  but,  if  possible,  to  prevent  it,  and  so  they 
receive  but  little  increase  of  soil.  The  deposit  outside  the  dike  is  the  resultant 
of  the  action,  during  many  years,  of  the  sun,  the  tides,  and  the  wind,  and  is 
formed  by  silt  left  at  each  tide,  vegetable  matter,  drift,  etc.  Where  the  dikes 
are  breached  purposely,  and  are  allowed  to  remain  so,  the  flooded  areas  form 
large  subsiding  basins,  protected  from  currents,  etc. ,  and  conditions  are  favorable 
to  land-making. 
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John  Birkinbine. — Reference  has  been  made  to  some  details  that  I  could 
furnish.  I  agree  fully  with  Mr.  Schennerhorn  that  much  of  the  lowland  of 
Philadelphia  should  be  filled,  and  it  is  a  source  of  regret  that  in  the  excavations 
made  in  deepening  the  Delaware  river  channel  many  thousand  cubic  yards  of 
material  which  made  excellent  filling  was  dumped  in  back  channels  where  it  was 
not  needed,  whereas  it  could  have  been  cheaply  used  on  portions  of  the  city  to 
form  valuable  building  surface. 

I  have  considerable  acquaintance  with  the  drainage  of  these  lowlands  along 
the  Delaware  river.  My  first  knowledge  of  a  pumping  station  was  of  a  small 
one  for  the  St  George's  meadows  in  Delaware ;  others  were  installed  across  the 
river,  near  Bridgeton,  N.  J.,  and  also  about  Burlington,  N.  J.  Some  years  ago 
I  designed  the  Long  Neck  pumping  station,  which  discharges  into  Darby  creek 
from  the  territory  immediately  adjoining  that  drained  by  Mingo  creek,  referred  to 
by  Mr.  Souder.  Subsequently,  when  the  city  undertook  to  drain  this  area  tribu- 
tary to  Mingo  creek,  I  was  requested  by  Mr.  James  H.  Windrim,  then  Director 
of  Public  Works  of  Philadelphia,  to  determine  the  capacity  of  machinery  and  to 
prepare  plans  for  the  equipment  The  contract  was  made  by  the  Bureau  of  Sur- 
veys, and  the  work  was  done  under  the  direction  of  Chief  Engineer  Webster. 
The  original  suggestion  was  to  place  the  whole  plant  on  an  iron  float  which  would 
rise  and  fall  with  the  water.  Subsequently  this  was  changed,  and  the  machinery 
was  erected  on  a  permanent  foundation  and  protected  by  a  brick  building.  The 
capacity  of  the  plant  is  from  50,000  to  60,000  gallons  a  minute. 

Owing  to  the  intermittent  action  of.  the  pumping  machinery,  which,  except 
under  unusual  conditions,  is  required  to  operate  for  but  a  few  hours  at  a  time,  it 
is  questionable  whether  the  economy  in  compounding  the  engines  compensates 
for  .the  greater  initial  cost. 

I  do  not  know  why  the  suction  is  being  lowered,  for  at  the  time  this  pumping 
station  was  designed,  those  most  interested  expressed  fear  that  at  times  we  would 
make  the  land  too  dry. 

The  idea  of  draining  the  meadows  is  to  keep  them  moist,  but  not  so  that  the 
land  will  sour  by  having  water  too  near  the  surface.  The  distance  the  water  has 
to  travel  in  reaching  the  sluice  has  a  material  effect  upon  the  depth  to  which  the 
ditches  are  drained  by  the  water  taken  out  at  the  pumping  station.  My  recollec- 
tion '.  is  that  the  calculations  made  show  that  it  required  the  removal  of  about 
10,000  gallons  a  minute  for  each  acre  drained  to  provide  for  a  storm  which 
resulted  in  one  inch  of  rainfalL 

The  Long  Neck  pumping  station  drained  about  2000.  acres  and  had  20,000  gal- 
lons a  minute  capacity.  But  little  of  the  water  to  be  removed  is  spring-water. 
As  a  rule,  springs  make  little  accumulation.  The  meadows  are  affected  by  the 
level  of  water  in  ditches  resulting  from  rains  and  from  leaking  sluices,  which 
should  keep  the  tidal  water  back.  It  is  mainly  the  rain  which  has  to  be  provided 
against,  and  rainfall  comes  often  at  times  when  farmers  desire  the  land  moderately 
dry  and  not  cold. 

Possible  coincidences  of  storm  tides  and  heavy  rainfalls  require  that  the  pump- 
ing appliances  should  be  of  large  capacity.     Pumps  of  small  capacity  would  suffice 
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if  they  could  run  constantly  and  take  the  water  away  continuously,  day  in  and 
day  out,  as  water  is  supplied  to  the  city.  Regular  service  would  demand  small 
pumps,  hut  as  the  equipment  may  have  to  remove  water  which  falls  in  consider- 
able volume  at  intervals,  and  remove  it  rapidly,  large  capacity  is  essential,  and 
economy  of  operation  is  of  secondary  importance. 

As  to  Mr.  Souder' s  suggestion  of  operating  a  number  of  small  pumping  sta- 
tions by  electricity  from  a  central  plant,  this  probably  would  be  advantageous 
if  the  ditches  were  made  to  have  a  short  run  to  the  pumps.  In  West  Philadel- 
phia it  might  be  necessary  to  remodel  all  sluice-ways  and  ditches,  some  of 
which  have  been  in  place  for  perhaps  a  hundred  years,  many  being  quite  old  ; 
and  the  chances  are  that 'any  such  modifications  in  getting  water  to  the  outlets 
would  be  met  with  considerable  opposition.  The  main  sluices  and  the  laterals 
are  already  in  place.    Changes  may  affect  the  rights  of  the  property  owners. 

Mr.  Souder. — I  would  like  to  add,  in  connection  with  Mr.  Birkinbine's  last 
remarks,  that,  of  course,  the  suggestion  was  made  on  the  basis  that  the  necessary 
land  could  be  obtained,  at  selected  sites,  on  which  to  construct  the  sluices  and 
pumping  station  in  the  proper  manner  with  proper  drainage  connections.  In 
that  case  the  combination  of  sluices  with  a  pumping  plant  driven  by  electricity 
would  be  the  best  solution  of  the  problem. 
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Regular  Meeting,  February  3,  1900. — The  President  in  the  chair.  Seventy- 
three  members  and  eight  visitors  present. 

Dr.  A.  C.  Abbott  presented  a  communication  on  "  The  Utilization  of  Bacteria 
and  Bacteriologic  Methods  in  Modern  Sanitary  Engineering."  The  subject  was 
discussed  by  Messrs  Easby,  Linton,  Trautwine,  Marburg,  and  Furber. 

Business  Meeting,  February  17,  1900.— The  President  in  the  chair.  Thirty- 
three  members  and  two  visitors  present. 

Amendments  to  the  By-Laws  affecting  the  method  of  electing  members  were 
discussed  at  length  and  laid  over  for  ballot  under  the  rules. 

The  Tellers  reported  the  election  of  F.  W.  Gordon  to  active  membership ;  B.  G. 
Griswold  and  M.  E.  Davis  to  junior  membership ;  and  S.  Solomon  to  associate 
membership. 

The  paper  assigned  for  the  evening  was  by  agreement  postponed  until  the  next 
meeting. 

Business  Meeting,  March  3,  1900.— The  President  in  the  chair.  Sixty-nine 
members  and  seven  visitors  present. 

William  S.  Vaux,  Jr.,  read  a  paper  on  "The  Canadian  Pacific  Railway  from 
Laggan  to  Revelstoke,  B.  C."  The  subject  was  discussed  by  Messrs.  Schermer- 
horn,  Webb,  Christie,  and  Marburg. 

Dr.  Leffmann  exhibited  a  section  of  a  tree  trunk  that  showed  the  surveyor's 
initials  on  the  bark,  and  also  the  same  initials  very  clearly  on  the  inner  portion 
separated  from  the  bark  by  twenty  rings  of  growth. 

The  Tellers  reported  that  the  pending  amendments  to  the  By-Laws  were  adopted. 

Business  Meeting,  March  17,  1900.— The  President  in  the  chair.  Sixty-three 
members  and  seven  visitors  present. 

A.  H.  Sabin  (nonmember)  presented  a  communication  on  "  The  Corrosion  of 
Structural  Metals,  and  the  Principles  Involved  in  the  Protection  of  Them."  The 
subject  was  discussed  by  Messrs.  Marburg,  Sadtler,  Mills,  W.  R.  Webster,  Richards, 
and  Schermerhorn. 

The  Tellers  reported  the  election  of  Messrs.  C.  R.  Buck,  J.  O.  Clarke,  J.  W. 
Davie,  and  J.  C.  Nowell  to  active  membership,  and  R.  G.  Dieck  to  Junior  member- 
ship. 

Business  Meeting,  April  7,  1900.— The  President  in  the  chair.    Seventy-four 
members  and  four  visitors  present. 
Harrison  Souderread  a  paper  on  "The  Drainage  and  Protection  of  the  Phila- 
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del  phi  a  Lowlands."  The  subject  was  discussed  by  Messrs.  Schermerhorn  and 
Birkinbine. 

A  memorial  of  the  late  Richard  B.  Osborne  was  read. 

A  series  of  resolutions  recommending  the  reestablishment  of  the  system  of  col- 
lecting data  on  rainfall  and  stream-flow  within  the  limits  of  Philadelphia  was 
adopted. 

CONVERSATIONAL  MEETINGS. 

Conversational  meetings  were  held  on  March  10th  and  April  14th.  At  the  former 
meeting  some  illustrations  of  the  methods  of  modern  paper-making  were  given  by 
Henry  Leffmann  ;  Mr.  Schermerhorn  called  attention  to  some  features  of  the  Ship 
Subsidy  bill  pending  in  Congress,  and  also  to  certain  cracks  in  the  walls  of  one  of 
the  freight  stations  of  Philadelphia. 

At  the  meeting  of  April  14th  John  C.  Trau twine,  Jr.,  and  Edwin  F.  Smith  pre- 
sented communications  in  regard  to  Domestic  Filtration,  and  the  subject  was  dis- 
cussed by  a  number  of  those  present. 

About  twenty  members  were  present  at  each  of  these  meetings. 
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Regular  Meeting,  February  17,  1900.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Levis,  Bonder,  Christie,  Piez,  and  Smith,  the  Secretary,  and 
the  Treasurer. 

The  Treasurer  reported : 

Balance  on  hand,  January  31,  1900, $2012.72 

The  resignation  of  Mr.  John  L.  Moyer  from  active  membership  was  accepted  to 
take  effect  December  31,  1899. 

The  President  presented  a  letter  from  Mr.  F.  H.  Newell,  Hydrographer  of  the 
United  States  Geological  Survey,  relating  to  the  abandonment  of  the  observations 
on  rainfall  and  stream-flow  in  Philadelphia  county,  and  the  matter  was  referred  to 
the  Committee  on  the  Relations  of  the  Engineering  Profession  to  the  Public 

The  Finance  Committee  presented  a  report  of  the  assets  and  liabilities  of  the 
Club. 

Tellers  of  Election  were  appointed  as  follows :  H.  V.  B.  Osbourn,  W.  L.  Webb, 
H.  W.  Latta ;  alternates,  R.  G.  Develin,  G.  B.  Taylor,  G.  N.  Leiper. 

Auditors  for  1900  were  appointed  as  follows:  W.  P.  Dallett,  H.  W.  Spangler, 
R.  L.  Humphrey. 

Regular  Meeting,  March  17,  1900.— Present :  The  President,  the  second  Vice- 
President,  Directors  Levis,  Bonder,  and  Piez,  the  Secretary,  and  the  Treasurer. 

The  president  presented  a  letter  dated  February  26th,  in  which  the  Club  was 
requested  to  cooperate  with  other  societies  of  Philadelphia  in  the  formation  of  an 
Art  Federation.  The  President  was  instructed  to  act  as  chairman  of  a  committee 
of  three  members  to  represent  the  Club. 

The  Treasurer  reported : 

Balance  on  hand,  February  28,  1900, $2201.59 

Appropriations  were  made  as  follows,  available  before  July  1,  1900 : 

Publication  Committee, $500.00 

Information  Committee, 50.00 

House  Committee, 1481.00 

The  transfer  of  Percy  H.  Wilson,  George  B.  Bains,  3d,  and  Herman  Livingston 
from  junior  to  active  membership  was  authorized  upon  recommendation  of  the 
Membership  Committee. 
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ADDITIONS  TO  THE  LIBRARY. 


From  Commissioner  of  Patents,  U.  S. 
Annual  Report,  1898. 

From  American  Society  of  Civil  Engineers. 
Transactions,  Vol.  XLII,  December,  1899. 

From  Geological  Survey  of  Canada. 
Annual  Report,  Vol.  X,  1897. 

From  Field  Columbian  Museum,  Chicago. 
Report  Series,  Vol.  I,  No.  5,  1898-'99. 

From  Alabama  Industrial  and  Scientific  Society. 
Proceedings,  Vol.  IX,  Part  II,  1899. 

From  University  of  California. 
Bulletin  of  Department  of  Geology,  Vol.  I,  Vol.  II,  Nos.  1,  4,  5,  6. 
Geological  Report,  S.  W.  Branch  Pacific  Railway  of  Missouri.     Narrow  Gage 
Railways,  Fleming.     Hydrocarbon  Gas  Process,  Gwynne- Harris. 

From  U.  S.  Geological  Survey. 
Water  Supply  and  Irrigation  Papers,  Nos.  32  and  33. 

From  Superintendent  of  Documents,  Washington,  D.  C. 
Attorney  General,  Annual  Report,  1899.    Bureau  Animal  Industry,  15th  Annual 
Report.    Commissioner  of  Education,  Annual  Reports.  1898,  Vols.  land  II.    Comp- 
troller of  Currency,  Annual  Reports,  1899,  Vols.  I  and  II.    General  Land  Office, 
Annual  Report  of  Commissioner,  1899. 

From  New  York  Academy  of  Sciences. 
Memoirs,  Vol.  II,  Part  I,  1899. 

From  Chief  of  Engineers,  Washington,  D.  C. 
Annual  Report,  1899,  Vols.  I-VI. 

From  Association  Technique  Maritime. 
Bulletin,  No.  10,  Session  1899. 

From  Geo.  W.  Rafter,  M.  Am.  Soc.  C.  E.,  Rochester,  N.  Y. 

Reports. 

From  Secretary  of  War. 

Reports  1899,  Vol.  I,  Parts  I-VI. 

From  Nova  Scotia  Institute  of  Science,  Halifax,  N.  S. 
Proceedings,  Vol.  X,  Part  I,  1899. 
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THE  BACTERIAL  TREATMENT  OF  SEWAGE  IN  ENGLAND. 

WILLIAM   EASBY,  JR. 
Read  May  19,  1900. 

The  activity  in  England  in  the  last  ten  years  in  developing  new 
systems  of  sewage  disposal  is  most  largely  due  to  the  energetic  steps 
taken  by  County  Councils,  under  the  Local  Government  Act  of  1888, 
whereby  they  are  empowered  to  enforce,  under  certain  restrictions, 
the  provisions  of  the  Rivers'  Pollution  Prevention  Act  of  1876. 
Prior  to  1888  infringements  of  this  act  were  common,  since  its  pro- 
visions were  not  of  a  prohibitive  nature,  but  rendered  offenders  liable 
to  action  "  on  the  part  either  of  other  sanitary  authorities,  or  of  any 
person  or  body  of  persons  aggrieved  by  the  commission  of  the  of- 
fense."* 

To  meet  the  legal  requirements  respecting  the  acreage  to  be  used 
for  sewage  disposal  and  the  purity  of  the  effluent  has  in  many  local- 
ities been  very  difficult,  or,  owing  to  peculiar  local  conditions,  unduly 
expensive.  It  is  not  strange  to  find,  then,  that  a  number  of  munici- 
palities have  engaged  in  the  experimental  study  of  the  subject  of 
sewage  disposal  with  the  hope  of  establishing  methods  better  adapted 
to   local   conditions   and    to    their   financial    resources    than    those 


*  Local  Government  Board  Circular,  August,  1877. 
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required  by  the  Local  Government  Board.  None  of  these  new  sys- 
tems may  be  regarded  as  having  yet  fully  passed  the  experimental 
stage,  but  some  have  achieved  a  measure  of  success  which  lias  at- 
tracted the  widest  attention ;  notably,  Dibdin's  bacteria  or  contact 
beds,  Cameron's  septic  tank,  and  Garfield's  coal  filters. 

All  complete  systems  of  sewage  disposal  depend  almost  entirely 
on  the  vital  activity  of  bacteria  contained  in  and  derived  from 
sewage,  but  in  none  has  this  dependence  become  so  conspicuous  as  in 
the  so-called  bacterial  systems  just  alluded  to,  a  circumstance  which  is 
responsible  for  the  name  applied  to  them.  The  most  distinctive  fea- 
tures of  these  systems  is  the  avoidance  of  the  formation  of  sludge, 
the  high  rates  of  treatment,  and  the  low  bacterial  efficiency. 

It  has  just  been  stated  that  all  methods  of  sewage  disposal  are 
bacterial,  or  more  correctly,  considering  the  chemical  changes  attending 
bacterial  action,  biochemic,  and  it  may  also  be  repeated  for  the  pur- 
pose of  emphasizing  a  fundamental  principle,  that  sewage  contains  the 
agents  of  its  own  destruction  as  sewage. 

The  composition  and  strength  of  sewage  vary  in  different  places, 
due  principally  to  the  nature  and  volume  of  the  industrial  wastes  which 
are  admitted  into  the  sewers  and  to  the  mineral  constituents  of  the 
water-supply  and  the  per  capita  consumption  of  the  same. 

The  object  of  all  complete  processes  of  sewage  disposal  is  to  trans- 
form the  organic  matter  of  sewage  into  the  stable  iuorganic  state, 
when  it  loses  those  objectionable  qualities  which  characterize  it,  and 
ceases  to  be  a  menace  to  health.  The  extent  to  which  this  trans- 
formation has  been  effected  is  usually  determined  by  the  following 
chemical  examinations. 

1.  By  the  estimation  of  the  solids  and  loss  therefrom  by  incinera- 
tion. 

The  constituents  of  sewage,  either  in  suspension  or  solution,  other 
than  free  gases,  are  termed  "solid  matter " ;  this  is  divided  into 
organic  and  inorganic  matter,  both  of  which  are  divided  into  matter 
in  suspeusion  and  in  solution.  The  quantity  and  character  of  the 
suspended  matter  are  of  great  importance,  as  it  is  this  matter  which 
is  responsible  for  most  of  the  difficulty  encountered  in  the  disposal 
of  sewage.  The  total  solids  are  determined  by  evaporating  to  dry- 
ness a  known  weight  of  sewage,  and  an  approximation  of  the  organic 
matter  in  this  residue  is  found  by  incinerating  it.    The  loss  in  weight 
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is  considered  the  weight  of  the  organic  matter.  If  sewage  is  passed 
through  filter-paper,  and  the  filtrate  treated  in  the  same  way,  the 
organic  and  inorganic  matter  in  solution  are  obtained,  which,  sub- 
tracted from  the  total  organic  and  total  inorganic,  give  the  suspended 
matter  in  these  two  forms. 

2.  By  the  estimation  of  the  ammonias. 

The  nitrogenous  compounds  of  sewage  are  the  most  putrefactive, 
and  in  their  progressive  changes  are  considered  by  many  analysts  the 
best  index  to  purification.  Ammonia  is  the  chief  product  of  the  decom- 
position of  these  nitrogenous  compounds.  It  is  found  in  sewage  as  the 
result  of  the  initial  step  in  natural  decomposition,  and,  by  boiling,  both 
it  and  other  ammonia  given  off*  by  the  less  stable  nitrogenous  material, 
are  driven  off  with  the  steam,  and  are  recovered  by  condensation,  and 
the  amount  estimated.  This  is  known  in  a  sanitary  analysis  as  "  free 
ammonia."  The  more  resistant  of  the  nitrogenous  matter,  on  being 
boiled  with  an  alkaline  solution  of  potassium  permanganate,  will 
give  off  a  somewhat  variable  percentage  of  ammonia  known  as 
"  albuminoid  ammonia/'  A  comparison  of  the  free,  the  albuminoid, 
or  the  sum  of  the  two  ammonias  of  the  sewage,  and  of  the  corre- 
sponding effluent,  shows  the  extent  of  purification. 

3.  By  the  estimation  of  the  oxygen  absorbed  from  an  alkaline 
solution  of  potassium  permanganate  in  four  hours  at  eighty  degrees 
Fahr. 

This  method  is  largely  used  in  England,  and  depends  on  the  strong 
affinity  of  oxygen  for  organic  matter.  The  amount  of  oxygen  in  a 
standardized  solution  of  permanganate  being  known,  the  impurity  of 
the  sewage  is  assumed  to  be  proportional  to  the  quantity  of  the  solu- 
tion used  in  the  determination.  In  this  country  the  more  common 
practice  is  to  add  the  permauganate  solution  to  the  boiling  sewage 
and  continue  boiling  for  a  specified  time.  The  absorption  of  oxygen 
gives  a  better  estimate  of  the  carbonaceous  than  of  the  nitrogenous 
matter. 

4.  By  the  increase  in  the  nitrates. 

Nitric  acid  is  the  completely  oxidized  form  of  organic  nitrogenous 
matter.  It  combines  with  the  bases  present  in  sewage  to  form 
nitrates;  evidently,  then,  the  increase  in  the  nitrates  is  the  best  evi- 
dence of  the  complete  oxidation  of  the  putrescible  constituents  of 
sewage;  but  it  should  be  noted  in  this  connection  that  there  may  be 
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a  fluctuation  in  the  state  of  the  oxidized  nitrogen  between  the  nitric 
and  the  less  oxidized  nitrous  form,  due  to  the  reducing  action  of 
certain  bacteria. 

All  of  the  methods  ordinarily  employed  in  the  chemical  examination 
of  sewage  give  results  which  may  be  properly  considered  only  esti- 
mates, and  while  more  exactness  is  desirable,  it  must  usually  be 
obtained  at  the  expense  of  simplicity:  on  the  other  hand,  these 
methods,  if  used  with  intelligence  and  care,  the  nature  of  their  de- 
fects being  known,  give  valuable  comparative  results. 

Considering  the  variety  and  generally  complex  nature  of  the  con- 
stituents of  sewage  and  their  instability,  it  is  to  be  expected  that  the 
number  of  chemical  compounds  contained  therein  must  be  large.  The 
nitrogenous  bodies  may  be  best  represented  by  urea  (CH4N20),  a 
constituent  of  urine  and  the  principal  source  of  nitrogen,  and  by 
albumin,  which  is  typical  of  an  important  class  of  nitrogenous  princi- 
ples found  in  food,  the  percentage  composition  of  which  may  be  ex- 
pressed as  C8H13N203.  The  carbonaceous  bodies  may  be  repre- 
sented by  carbohydrates  corresponding  to  the  general  formula 
C6H10O6,  including  cellulose,  vegetable  fiber,  and  starch. 

That  the  vital  activity  of  bacteria  and  the  natural  decomposition  of 
organic  matter  stand  to  each  other  in  the  relation  of  cause  and  effect 
is  now  so  universally  accepted  as  to  require  here  no  proof.  Decora- 
position  is  either  putrefactive  or  non putrefactive,  depending  largely 
on  the  absence  or  presence  of  free  oxygen  and  of  certain  species  of 
bacteria.  Until  quite  recently  it  has  been  held  that  in  the  purification 
of  sewage  the  former  was  to  be  avoided  and  the  latter  promoted.  In 
the  so-called  bacterial  methods,  to  be  described,  both  processes  are 
employed. 

Those  bacteria  which  require  free  oxygen  for  the  exercise  of  their 
functions  are  known  as  obligate  aerobes,  and  those  which  find  the 
presence  of  this  element  in  the  free  states  inhibitive  to  growth,  but 
which  obtain  it  from  chemical  compounds,  are  known  as  obligate 
anaerobes ;  those  bacteria  which  have  the  power  of  adapting  them- 
selves to  either  condition  are  said  to  be  facultative.  To  this  last 
class  belongs  the  greater  number  of  the  bacteria  found  in  sewage. 

The  active  breaking-down  of  the  more  stable  and  complex  forms 
of  the  organic  solids  of  sewage  into  simpler  forms,  resulting  in  the 
liquefaction  of  the  former,  is  caused  either  directly  or  indirectly  by  a 
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class  of  bacteria  known  as  liquefiers;  these  are  both  aerobes  and 
anaerobes,  but  the  latter  have  been  found  as  a  class  to  be  the  more 
active  in  digesting  organic  solids.  The  success  of  the  bacterial 
treatment  of  sewage  depends  more  largely  on  the  number  and  activ- 
ity of  these  liquefiers  than  upon  any  other  factor.  In  all  of  the 
older  and  established  methods  of  disposal,  the  solids  in  suspension 
have  always  been  a  source  of  difficulty  and  expense;  when  removed 
mechanically,  as  by  chemical  precipitation,  this  matter  still  remains  to 
be  disposed  of,  or  if  not  removed,  the  filtering  material  to  which  the 
sewage  is  applied  must  be  broken  up  or  scraped  to  remove  the  result- 
ing surface  clogging  which  would  otherwise  interfere  with  the  aeration 
of  the  beds.  Where  disposal  by  dilution  is  resorted  to,  the  organic 
solids  are  still  a  source  of  difficulty. 

The  initial  changes  which  take  place  in  sewage  are  aerobic,  because 
the  water-supply  contains  free  oxygen  in  solution ;  there  is,  as  a 
result,  frequently  found  at  this  stage  some  oxidized  nitrogen  in  the 
form  of  nitrates,  which  in  its  turn  become  a  source  of  oxygen.  After 
the  depletion  of  free  oxygen  the  conditions  are  evidently  anaerobic, 
and  should  be  so  maintained  if  full  advantage  is  to  be  taken  of  the 
unobstructed  activities  of  those  organisms  which  have  been  found  to 
be  most  effective  in  fermenting  animal  and  vegetable  matter.  Dr. 
Rideal  remarks  in  this  connection  that  "any  attempt  to  work  distinct 
reactions  simultaneously  in  the  same  receptacle  will  lead  to  uncer- 
tainty and  irregularity  in  the  results."  * 

With  the  foregoing  introduction,  the  operation  of  the  bacterial 
systems  to  be  considered  and  the  results  obtained  by  them  will  be  the 
better  understood. 

The  Septic  Tank  Process. 
The  septic  tank  finds  an  imperfect  prototype  in  the  common  cess- 
pool. The  anaerobic  decomposition  of  sewage  in  receptacles  specially 
constructed  for  that  purpose  is  said  to  have  been  employed  as  early  as 
1860,  the  contrivance  being  known  as  "  Mouras'  Automatic  Scaven- 
ger. "  f  In  the  last  decad  this  anaerobic  process  has  been  greatly 
developed  in  England  by  Donald  Cameron,  City  Surveyor  of  Exeter. 


♦Cantor  Lectures  on  Bacterial  Purification  of  Sewage,  London,  1899. 
t  Described  in  the  Cosmos  Les  Mondes  of  Dec,  1881,  and  July,  1882. 
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Prof.  Arthur  N.  Talbot,  of  the  University  of  Illinois,  operated  a 
small  septic  tank  at  Urbano,  111.,  as  early  as  1894.  His  investiga- 
tions were  carried  on  without  any  knowledge  that  similar  work  was 
being  done  elsewhere. 

There  are  several  installations  of  this  system  in  England  which 
have  furnished  important  information  with  respect  to  the  septic  pro- 
cess ;  notably,  at  Exeter,  Yeovil,  and  Manchester. 

The  septic  tank  proper  is  a  long,  rather  shallow  reservoir,  con- 
structed of  masonry,  and  usually  placed  partially  below  the  ground 
level.  Light  and  free  access  of  air  are  excluded  by  a  solid  roof,  but 
this  covering  is  now  known  to  be  not  essential.  By  referring  to  Plate 
I,  which  shows  the  plan  and  sections  of  the  Exeter  installation,  the 
construction  and  manner  of  operating  the  same  will  be  understood. 
Sewage  enters  the  tank  through  two  branch  pipes,  which  are  turned 
downward  as  soon  as  they  reach  the  interior,  and  extend  to  within 
three  feet  of  the  bottom ;  they  do  not  discharge  directly  into  the  body 
of  the  tank,  but  into  two  small  wells  termed  grit-chambers,  where 
nearly  all  of  the  sand  and  other  street  detritus  is  deposited ;  the 
sewage  then  overflows  the  wall  separating  this  deposit  from  the  main 
tank.  Flowing  very  slowly  to  the  opposite  end  of  the  tank,  the 
sewage  has  not  sufficient  velocity  to  support  the  remaining  suspended 
matter,  which  is  almost  entirely  organic;  it  is  consequently  deposited 
on  the  bottom,  where  a  large  part  of  it  is  liquefied,  and  passes  from 
the  tank  in  the  general  discharge,  and  as  gas.  The  effluent  pipe  is  at 
the  opposite  end  from  the  grit-chamber,  and  at  some  distance  below 
the  water  surface.  It  extends  the  full  width  of  the  tank,  and  is 
slotted  so  as  to  admit  the  effluent  uniformly  and  without  disturbance. 
It  will  be  seen  that,  by  thus  trapping  both  the  influent  and  effluent 
pipes,  air  is  excluded.  In  this  tank  an  inspection  manhole  containing 
glass  windows  has  been  provided  to  afford  facility  for  observing  the 
general  condition  of  the  contents.  The  effluent  on  leaving  the  tank 
passes  over  a  measuring  weir  into  an  aerating  trough,  the  edges  of 
which  it  overflows  in  a  thin  sheet,  thus  receiving  some  aeration  and 
giving  opportunity  for  the  escape  of  gas  generated  in  the  tank  and 
held  in  solution  in  the  effluent.  From  the  aerating  trough  the  dis- 
charge from  the  septic  tank  passes  successively  through  pipes  leading 
to  different  sections  of  the  filtering  or  contact  area,  the  flow  to  the 
several  beds  being  controlled    by  valves  in  the  distributing  wells 
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shown  at  A.  A.  in  the  plan.  On  being  discharged  from  these  pipes, 
the  effluent  traverses  shallow  channels  lying  on  the  surface  of  the 
filters,  overflowing  their  edges  and  filling  the  bed.  The  discharge 
from  the  beds  is  also  through  pipes,  and  is  controlled  by  valves,  one 
of  which  is  located  in  each  of  the  overflow  wells,  shown  at  B.  B.  In 
the  course  of  operation,  each  filter  passes  through  the  following  cycle, 
the  valves  being  actuated  automatically  and  the  whole  operation  being 
continuous :  The  supply-valve  of  a  bed  is  opened  and  the  bed  is 
filled ;  this  valve  is  then  closed,  and  the  filled  section  remains  full 
until  another  has  received  its  charge,  when  the  former  is  emptied  and 
remains  so  until  the  cycle  is  repeated.  There  are  then  four  periods 
for  each  filter — filling,  standing  full,  emptying,  and  aerating.  Where 
it  is  necessary  to  operate  so  many  valves  and  in  a  certain  sequence, 
the  value  of  an  automatic  device  to  accomplish  this  is  evident.  In  a 
small  installation,  the  constant  presence  of  an  attendant  to  open  and 
close  these  valves,  and  who  would  otherwise  be  unnecessary,  is  thus 
obviated.  In  large  installations,  where  constant  attention  is  necessary 
for  other  reasons,  automatic  operation  is  not  so  important,  and  in  no 
case  is  it  altogether  desirable,  without  it  can  be  made  independent  of 
the  unavoidable  fluctuation  in  the  sewage  discharge  as  it  comes  from 
the  main,  for  it  will  otherwise  be  impossible  to  obtain  that  uniform 
regimen  which  is  so  necessary  for  an  economic  use  of  the  filters  and 
the  attainment  of  the  best  efficiency.  The  automatic  operation  re- 
ferred to  is  accomplished  as  follows :  As  each  filter  fills,  the  filtrate 
rises  in  the  overflow-well  connected  therewith,  from  which  it  overflows 
into  a  bucket  fixed  at  the  end  of  a  rocking  shaft ;  when  full,  this 
bucket  sinks  and  operates  the  valves  which  divert  the  sewage  flow  to 
another  section  and  which  permit  the  discharge  of  a  section  which  has 
been  resting  full.  Four  beds  are  thus  used  intermittently  in  the  routine 
course  of  operation,  and  a  fifth  is  reserved  as  a  relay  to  be  used  when 
it  becomes  necessary  to  afford  one  of  the  others  a  longer  period  for 
aeration  thau  it  can  receive  when  in  ordinary  operation. 

Both  coke  and  clinker  are  used  in  the  Exeter  filters,  the  body  of 
which  contains  material  from  \  to  J  inch  in  diameter.  Two  of  the 
beds  have  a  3-inch  surface  layer  of  coke  breeze,  and  two  have  a  3-inch 
surface  layer  of  fine  clinker,  while  the  remaining  bed  is  composed  of 
coarse  material  throughout.     It   does  not  appear  that   these  filters 
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have  afforded  much  information  respecting  the  comparative  value  of 
the  kinds  and  grades  of  material  with  which  they  are  filled. 

The  biochemic  changes  which  take  place  in  the  septic  tank  are  not 
simple.  When  the  organic  matter  of  sewage  is  brought  in  contact 
with  water,  there  follows  a  decomposition  through  the  absorption  of 
the  group  H20.  This  action  is  known  as  hydrolysis,  and  where 
organic  matter  is  concerned  it  depends  largely  either  on  the  direct 
action  of  microbes  or  on  the  action  of  chemical  bodies  known  as  en- 
zymes, which  are  of  both  animal  and  vegetable  origin  and  many  of 
which  are  secreted  by  bacteria.  The  anaerobic  class  of  bacteria 
obtain  their  oxygen  not  from  the  air,  but  from  the  compounds  in  the 
sewage  which  contain  it,  thereby  breaking  down  complex  organic 
molecules,  the  atoms  and  radicals  of  which,  being  then  in  a  nascent 
state,  are  readily  oxidized,  or  in  the  absence  of  oxygen  rearrange 
themselves  into  other  compounds,  some  of  which  interfere  with  sub- 
sequent purification  if  they  become  too  concentrated.  This  decompo- 
sition of  complex  organic  solids  is  also  a  process  of  liquefaction, 
which  it  is  the  principal  function  of  the  septic  tank  proper  to  pro- 
mote. Respecting  the  action  of  the  septic  tank,  Dr.  Rideal  states : 
"  It  appears  that  the  total  dissolved  solids  are  increased  somewhat, 
but  not  in  relation  to  the  organic  debris  that  has  passed  into  solution. 
A  large  proportion  has  undergone  the  hydroly tic  decomposition  which 
we  may  represent  in  two  forms : 

"1.  Producing  nitrogen,  methane,  a  small  quantity  of  hydro- 
gen, and  carbonic  acid,  as  in  the  general  equation  already  given 
(expressing  provisionally  the  percentage  composition  of  albumin  by 
C8H13N203): 

4C8H13N203  +■'  14H20  =  4N2  -f  19CH4  +  13C02  +  2HaO. 

"  2.  Producing  ammonia,  carbonic  acid,  aud  a  large  quantity  of 
hydrogen : 

2C8H13N205  -r  16H20  =  4NH3  +  16C02  -f  33H2. 

"  Both  species  of  reactions  go  on  simultaneously,  along  with  others, 
according  to  the  species  of  bacteria.  The  result  is  the  production 
of  a  large  quantity  of  inflammable  gas,  which  can  be  drawn  off  by 
a  pipe  and  made  serviceable  for  heating.  The  ammonia  and  the 
major  part  of  the  carbonic  acid  remain  in  the  solution."  * 


*  Cantor  Lectures  on  tbe  Bacterial  Purification  of  Sewage  ;  London,  1899. 
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Cellulose  and  woody  fiber  yield  much  more  slowly  to  liquefying 
organisms  than  does  albuminous  matter,  the  products  of  decomposi- 
tion being  principally  carbon  dioxid  and  methane.  Starch  and  the 
sugars  are  hydrolyzed  very  quickly,  resulting  in  the  formation  of 
carbon  dioxide,  hydrogen,  and  organic  acids. 

It  has  been  observed  that,  as  the  gases  rise  from  the  deposit  on  the 
bottom  of  the  septic  tank,  particles  of  solid  matter  are  carried  to  the 
surface,  where  they  remain  with  the  greasy  scum  floating  thereon,  or 
fall  again  to  the  bottom.  This  scum  accumulates  to  a  thickness  of 
two  inches  in  summer,  and  increases  in  winter;  until  it  is  formed, 
the  tank  does  not  act  with  its  full  efficiency,  but  it  has  been  found 
that  by  seeding  with  a  small  quantity  of  scum  a  tank  will  mature  in 
a  few  days.*  The  deposit  in  the  bottom  of  the  tank  is  of  an  earthy 
character,  and  about  one-third  organic.  The  disturbances  at  the 
bottom,  occasioned  by  the  evolution  of  gases,  cause  some  of  this 
deposit  to  pass  out  of  the  tank  in  the  effluent  and  to  the  filters,  where 
its  presence  is  thought  to  be  necessary  to  the  process  of  nitrification 
which  there  takes  place. 

Under  favorable  and  at  the  same  time  practicable  conditions  for 
multiplication,  actively  liquefying  anaerobic  organisms  increase  to 
greater  numbers  than  do  aerobic  organisms  of  the  same  class  under 
such  conditions  of  aeration  as  have  been  found  feasible  in  sewage 
treatment.  The  conditions  in  the  septic  tank  are  most  favorable  to 
the  multiplication  of  the  former  if  the  effete  products  of  growth  are 
not  permitted  to  become  too  concentrated,  which  will  not  be  the  case 
if  the  flow  through  the  tank  is  not  too  slow. 

According  to  Analysis  1,  the  tank  effluent  contains  54  per  cent,  of 
the  suspended  organic  matter  of  the  crude  sewage,  and  this,  together 
with  about  35  per  cent,  of  the  mineral  solids  in  suspension,  passed  to 
the  filters.  It  will  be  seen  that  there  is  not  a  corresponding  increase, 
in  the  tank  effluent,  in  the  dissolved  organic  matter,  and  this  can  not 
be  entirely  attributed  to  the  gaseous  products  of  decomposition.  The 
increase  in  the  dissolved  organic  matter  of  the  filtrate  over  that  of 
the  tank  effluent  indicates  that  the  organic  solids  passing  into  the 
beds  were  there  resolved.     In  the  crude  sewage,  the  total  organic 


*  Report  of  the  Rivera  Committee  of  the  22d  of  January,  1900 ;  Manchester, 
Eug. 
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matter  amounts  to  30.4  grains  per  gallon,  and  in  the  filtrate,  while 
the  organic  matter  is  entirely  in  solution,  it  still  amounts  to  24.2 
grains  per  gallon.  These  figures  seem  to  be  inconsistent  with  the 
degree  of  purification  as  given  by  the  oxygen  absorbed  and  by  the 
albuminoid  ammonia.  The  loss  on  ignition  in  Analysis  2  is  in  con- 
trast with  these  results,  as  it  shows  a  satisfactory  and  progressive  loss 
of  organic  matter. 

The  following  analytical  results  will  serve  to  show  the  purification 
effected  by  the  Exeter  installation : 

ANALYSIS  1.— AVERAGE   ANALYSIS   FROM   SERIES   OF  SAMPLES,  BY 
DIBDIN  AND  THUDICHUM. 

(Results  in  Grains  per  Imperial  Gallon,  =  1  in  70,000.) 


Suspended  solids, 

Mineral, 

Organic, 

Dissolved  solids, 

Mineral, 

Organic,    ........ 

Chlorin, 

Oxygen  absorbed  in  four  hours, 

Nitrogen  as  nitrites, 

Nitrogen  as  nitrates, 

Free  ammonia, 

Albuminoid  ammonia,  .... 


Crude 
Sewage. 


Tank. 
Effluent 


10.0 
14.5 

14.0 
15.9 

5.0 

2.028 


3.5 

7.8 

16.1 
14.6 

5.1 

1.405 


FlLTRATK. 


3.778 
0.212 


2.763 
0.175 


nil. 
nil. 

20.3 

24.2 
5.3 
0.388 
0.253 
0.353 
1.705 
0.078 


ANALYSIS  2.— ANALYSIS   BY   PEARMAIN    AND  MOOR. 
SIX  SAMPLES.     EXETER  SEPTIC  TANK. 

(Results  in  Grains  per  Gallon.) 


AVERAGE  OF 


Total  solids, 

Mineral  matter, 

Loss  on  ignition, 

Chlorin, 

Oxygen  absorbed  in  four  hours, 

Nitrogen  as  nitrites, 

Nitrogen  as  nitrates, 

Saline  ammonia, 

Albuminoid  ammonia,  .... 


Crude 
Sewage. 

Tank 
Effluent. 

Filtrat 

57.1 
28.3 

28.83 
6.05 
4.21 

4.36 
0.74 

37.67 

24.50 

13.17 

4.51 

1.41 

2.83 
0.40 

31.50 

24.83 

6.67 

4.51 

0.32 

0.91 

1.19 

0.11 
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On  the  basis  of  the  decrease  in  the  oxygen  absorbed  and  decrease 
in  the  albuminoid  ammonia,  the  foregoing  analyses  give  the  following 
efficiencies : 

Analysis  i  Analysis  2 

Albuminoid  ammonia,   ....    63  per  cent.  85  per  cent. 

Oxygen  absorbed, 79      u  92        " 

The  effluent  from  the  septic  tank  contains  the  nitrogenous  matter 
largely  in  the  form  of  ammonia  and  soluble  compounds;  it  is  in  a 
putrefying  state,  but  not  particularly  offensive. 

What  may  be  termed  the  finishing  process  takes  place  in  the  filters, 
and  is  known  as  nitrification,  which  is  the  bacterial  oxidation  of 
ammonia  to  nitric  acid,  the  latter  combining  with  some  base  present 
in  the  sewage,  usually  lime,  to  form  a  nitrate.  The  formation  of 
nitrates  marks  complete  purification,  but  where  conditions  are  not  en- 
tirely aerobic,  nitrites  will  also  appear,  indicating  either  that  the 
nitrogenous  matter  has  not  yet  passed  into  the  completely  oxidized 
form,  or  that  it  has  been  deprived  of  some  of  its  oxygen  by  a  group 
of  bacteria  which  have  the  power  of  acting  as  reducing  agents. 

From  the  evidence  afforded  by  laboratory  experiments,  it  is  be- 
lieved that  nitrification,  as  it  occurs  in  natural  soils  and  in  water,  is 
due  to  two  organisms,  or  possibly  two  groups.  In  a  well-aerated 
filter  or  contact  bed  these  bacteria  find  a  most  favorable  environment 
for  their  multiplication.  One  of  these  organisms  oxidizes  ammonium 
compounds  to  nitrites,  and  the  other  oxidizes  the  nitrites,  so  formed, 
to  nitrates.  It  has  been  found  most  essential  that  the  nitrogenous 
matter  of  sewage  should,  as  far  as  possible,  be  in  the  form  of  ammo- 
nium compounds,  if  nitrification  is  to  proceed  readily. 

Anaerobic  decomposition  in  the  septic  tank  may  progress  to  a  point 
where  it  will  seriously  interfere  with,  or  even  check,  the  subsequent 
action  of  nitrifying  organisms,  owing  to  the  concentration  of  effete 
products  of  bacterial  life  which  are  found  to  be  toxic  to  them. 

In  the  Exeter  installation,  the  ordinary  daily  sewage  discharge  is 
about  equal  in  volume  to  the  capacity  of  the  tank,  but  the  storm  flow, 
which  is  limited  by  the  size  of  the  main  leading  to  the  tank,  is  about 
four  times  as  great  as  the  dry-weather  flow;  hence  the  time  required 
for  the  passage  of  sewage  through  the  tank  is  from  six  to  twenty-four 
hours.  The  Massachusetts  State  Board  of  Health  has  experimented 
with  the  septic  process  for  the  last   three  years,  and  has  expressed 
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the  opinion  that  the  size  of  the  tank  may  be  much  decreased  below 
that  used  in  England,  it  being  necessary  to  permit  only  enough  time 
to  insure  the  deposit  of  solid  matter.  At  Exeter  the  rate  at  which 
the  tank  effluent  was  filtered  was  750,000  U.  S.  gallons  per  acre  per 
day,  based  on  the  whole  area ;  in  the  Massachusetts  experiments 
alluded  to  the  rate  was  800,000  gallons.  A  comparison  of  these 
rates  with  those  obtained,  both  experimentally  and  in  practice,  by 
intermittent  filtration,  shows  that  the  former  are  from  eight  to  ten 
times  as  great  as  the  latter ;  but  on  the  other  hand,  intermittent  filtra- 
tion may  be  depended  on  to  give  in  practice  so  high  a  bacterial 
efficiency  as  to  leave  nothing  to  be  desired,  but  the  reverse  is  true 
with  the  English  bacterial  methods;  the  latter  also  give  at  the  best 
an  efficiency  of  not  over  80  per  cent,  in  the  removal  of  organic  matter, 
as  against  90  to  98  per  cent,  for  the  former.  Whether  the  efficiencies 
which  we  aim  to  secure  in  this  country  are  unnecessarily  high  is  a 
question  which  lies  beyond  the  scope  of  this  paper,  but  there  seems 
to  be  a  growing  opinion  that  our  standard  might  be  lowered  some- 
what. 

One  of  the  most  recent  and  valuable  inquiries  respecting  the  bac- 
terial treatment  of  sewage  is  that  which  was  made  in  1898-99  by  the 
city  of  Manchester,  England.*  The  results  obtained  with  their 
normal  sewage,  which  is  now  about  three  per  cent,  industrial  wastes, 
principally  from  breweries,  dye-  and  bleach- works,  as  well  as  the 
results  obtained  with  the  foul  sewage  of  Yeovil,  show  a  success  in 
the  purification  of  manufacturing  sewage  which  it  was  thought  could 
not  be  obtained  by  bacterial  action ;  it  was,  however,  found  at  Man- 
chester that  when  these  wastes  were  most  in  evidence  in  the  sewage 
the  purification  was  lowest.  Experiments  at  Manchester  with  one  of 
the  most  difficult  wastes  likely  to  be  met  with,  led  to  the  conclusion 
that  if  the  discharge  from  manufactories  should  be  as  great  as  ten 
per  cent,  of  the  total  volume  of  sewage,  bacterial  treatment  would 
still  be  successful. 

The  prominence  given  in  these  investigations  to  the  open  septic 
tank  has  established  the  very  important  fact  that  it  gives  results  prac- 
tically identical  with  the  covered  tank.  A  comparison  of  the  efflu- 
ents from  the  two,  bearing  out  this  statement,  appears  in  the  following 


'Expert's  Report  on  Treatment  of  Manchester  Sewage  ;   Oct.,  1899. 
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table,  the  figures  being  in  eacli  instance  the  average  of  twenty-four 
determinations.  This  result  might  have  been  predicted,  because  the 
sewage  in  the  tank  is  in  bulk,  not  finely  divided,  as  in  a  filter,  and 
consequently  only  its  surface  is  exposed  to  the  air,  and  the  scum  which 
forms  on  top  and  the  cloudiness  of  the  sewage  would  prevent  the 
penetration  of  light. 


COMPARISON  OF  EFFLUENTS  FROM  THE  OPEN  AND  CLOSED  SEPTIC 

TANKS.     MANCHESTER   EXPERIMENTAL   INSTALLATION. 

AVERAGE  OF  TWENTY-FOUR  DETERMINATIONS. 


(Grains  per 

Imperial  Gallon,  =  1  in  70,000.) 
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The  covered  septic  tank  installation  at  Manchester  is  essentially 
like  that  at  Exeter,  already  described.  The  only  difference  which  it 
is  important  to  note  is  in  the  filter-beds,  which  are  all  filled  with 
clinker,  graded,  and  arranged  as  follows,  commencing  at  the  bottom  : 

1  foot  of  clinker  passing  a  3-inch  mesh  and  retained  by  a  1-inch  mesh. 

2  feet,  9  inches         "         }    u  "  i 

3  inches  "         J 

The  following  table,  prepared  from  the  diagrams  accompanying 
the  Manchester  report,  contains  eleven  weekly  average  determinations 
of  the  efficiency  of  the  closed-tank  installation,  as  given  by  the  oxy- 
gen absorbed  and  by  the  albuminoid  ammonia  test.  It  will  be  seen 
that  the  efficiency  for  the  whole  series  is  70  and  67  per  cent,  respec- 
tively. These  results  are  about  as  good  as  those  obtained  by  the 
Exeter  installation,  according  to  Analysis  1,  and  much  inferior  to 
those  of  Analysis  2. 
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TABLE   SHOWING  THE  EFFICIENCY   OF  THE  CLOSED  SEPTIC  TANK 
AT' MANCHESTER,  ENGLAND. 

(Grains  pee  Imperial  Gallon,  =  1  in  70,000.) 


Oxygen  Absorbed  in  Four  Hours. 

Albuminoid  Ammonia 

Week  Ending. 

Raw 
Sewage. 

Septic 

Tank 

Effluent. 

Filter 
Effluent. 

Effi- 
ciency. 

Raw 

Sewage. 

Septic 

Tank 

Effluent 

Filter   '     Effi-     j 
Effluent,    ciency.  i 

1898. 
Dec    7 
«.    14 
»   21 

*4   28 

6.0 
5.2 
6.1 
5.3 

4.9 
4.4 
5.8 
5.1 

2.3 
1.7 
2.1 

1.8 

0.9 
1.2 
1.1 
0.8 
1.4 
1.4 
1.3 

61.7 
67.3 
65.6 
66.0 

75.7 
69  2 
78.0 
76.5 
65.9 
72.0 
75.0 

0.25 
0.24 
0  30 
0.21 

0.17 
0.15 
0.16 
0.14 

0.09 
0.08 
0.08 
0.06 

64.0 
65.7 
79.3 
71.4 

1899. 
Jan.    4 

4k     11 
44      18 
44     25 
Feb.    1 
44       8 
44      15 

3.7 
3.9 
5.0 
3.4 
4.1 
5.0 
5.2 

2.8 
3.5 
3.3 
2.7 
3.9 
4.1 
4.4 

0.22 

0.23 

0.30  • 

0.26 

0.32 

0.3O 

0.37 

0.14 
0.18 
0.16 
0.15 
0.20 
0.22 
0.24 

0.07 
0.09 
0.08 
0.08 
0.12 
0.14 
0.13 

68.2 
60.9 
79.3 
69.2 
62.5 
53.3 
64.9 

h 
if* 

sis 
II 

Average, 

4.8 

4.1 

1.5 

70.0 

0.27 

0.17 

0.09 

67.0 

The  open  septic  tank  at  Manchester  consists  of  a  large  masonry 
tank  formerly  used  for  chemical  precipitation.  Across  one  end  a 
partition  wall  was  constructed,  forming  a  small  settling  basin.  After 
septic  treatment  in  the  large  compartment  the  effluent  passed  in  suc- 
cession to  two  contact  or  tilter-beds,  thus  receiving  a  double  instead  of 
a  single  contact,  as  in  the  covered  septic  tank  system.  (See  plate  II.) 
The  piping  and  gates  were  so  arranged  as  to  permit  the  application  of 
crude  sewage  from  the  by-pass,  or  of  settled  sewage  from  the  small 
settling  tank,  after  being  retained  therein  for  about  one  hour,  or  of 
sewage  septically  treated  in  the  large,  open  septic  tank. 

From  February  16th  to  October,  1899,  this  installation  was  in  con- 
tinuous use,  and  it  is  stated  in  the  experts'  report  that  "  up  to  the 
present  time  (Oct.,  1899)  the  only  notable  quantity  of  sludge  which 
can  be  perceived,  on  dipping  with  a  rod,  is  immediately  beneath  the 
intake  penstock ;  indeed,  our  experiments  seems  to  show  that  an 
enormous  quantity  of  sludge,  which  would  otherwise  accumulate,  is 
destroyed  in  this  way."  It  was  found  that  the  products  of  putrefac- 
tion were  here  the  same  as  in  the  closed  tank,  showing  the  similarity 
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of  action  of  the  two.  The  effluent  from  the  open  tank  was  applied 
to  beds  A  and  B.  (see  plate  II.),  when  the  system  was  first  put  in 
operation,  but  these  proved  to  be  too  coarse.  Two  other  beds,  C 
and  D,  of  finer  material,  were  then  used,  with  much  better  results, 
the  former  being  the  primary  and  the  latter  the  secondary  bed. 
These  beds  were  three  feet  deep  and  filled  with  ungraded  clinker  as 
follows : 

A.  passed  3-inch  mesh,  rejected  by  1-inch  mesh. 

B.  4<      1  "  "  i  " 

C.  "      |  «  "  i  « 

D.  "      ]  "  "  i  " 

The  volume  of  open  septic  tank  effluent  passing  through  beds  Cand 
D,  or  C  and  D  in  conjunction  with  either  A  or  B9  varied  from 
632,000  to  759,000  Imperial  gallons  per  acre  per  day,  the  number 
of  fillings  of  each  combination  of  beds  being  from  4,  to  an  average  of 
5J  when  the  last-named  beds  were  used.  With  two  fillings  per  day, 
the  volume  of  sewage  dealt  with  by  the  beds  of  the  covered  tauk 
installation  varied  from  735,000  to  836,000  Imperial  gallons  per 
acre  per  day,  the  smaller  volume  being  about  100,000  gallons  greater 
than  at  Exeter.  Referring  to  the  open  tank  installation,  the  Man- 
chester report  states :  u  The  result  of  the  treatment  of  the  open  septic 
tank  effluent  on  beds  Cand  D  have  from  the  first  surpassed  even  our 
most  sanguine  exj>ectations.  Recently  it  has  been  found  possible  to 
deal  with  four  fillings  per  day,  every  single  sample  being  nonputres- 
cible  and  well  within  the  limit  of  impurity.  A  large  amount  of 
nitrate  nitrogen  is  present  in  every  sample  of  the  filtrate.,, 

The  test  for  putrescibility  consisted  in  determining  the  oxygen 
absorbed  in  three  minutes  by  the  fresh  filtrate,  and  then  completely 
filling  a  glass-stoppered  bottle  with  the  same  filtrate  and  retaining  it 
at  eighty  degrees  Fahr.  for  six  or  seven  days,  at  the  expiration  of 
which  period  the  oxygen  absorbed  from  permanganate  in  three 
minutes  was  again  determined.  Any  putrefaction  would  increase  the 
oxygen  absorbed,  the  extent  of  this  increase  being  evidently  a  measure 
of  the  putrefaction.  This  determination  was  very  important,  as  it 
was  necessary  to  produce  a  filtrate  which  when  discharged  into  the 
Manchester  ship  canal  would  not  occasion  a  nuisance. 

In  the  following  table  the  efficiencies  of  the  complete  open  and 
closed  septic  tank  systems  at  Manchester  are  compared.     These  results 
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are  for  practically  equal  volumes  of  sewage  per  unit  area  of  contact 
bed,  since  the  beds  of  the  open  tank  system,  employing  double  contact, 
treated  sewage  at  double  the  rate  of  those  of  the  covered  tank  system. 
The  superiority  of  the  former,  as  established  by  analytical  results,  is 
very  marked ;  quoting  in  this  connection  from  the  experts'  report : 
"  We  would  emphasize  that  our  experiments  clearly  show  that  the 
key  to  efficiency  in  the  bacterial  treatment  of  sewage  is  multiple  as 
opposed  to  single  contact." 


COMPARATIVE  RESULTS  FROM  THE  OPEN  AND  CLOSED  SEPTIC  TANK 

SYSTEMS  AT  MANCHESTER,  ENGLAND.     EXPERIMENTAL 

INSTALLATION. 


(Results  Expressed  in  Geains  pee  Impeeial  Gallon,  = 

=  1  IN  70,000.) 

Weekly  Averages  for  Period  from  Week  Ending. 
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Albuminoid 
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E  © 

h  © 
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July  12 

0.49 

1.06 

0.42 

1.18 

0.060 

0.140 

0.691 

0.411 

"    19 

0.49 

0.99 

0.37 

1.37 

0.047 

0.120 

0.700 

0.305 

"    26 

0.51 

1.20 

0.43 

1.40 

0.046 

0.130 

0.734 

0.268 

Aug.    2 

0.53 

1.34 

0.40 

1.21 

0.042 

0.115 

0.713 

0.171 

"      9 

0.48 

1.20 

0.36 

1.15 

0.043 

0.094 

0.620 

0.255 

"     16 

0.49 

1.23 

0.33 

1.12 

0.041 

0.090 

0.620 

0.381 

"    23 

0.53 

1.20 

0.36 

1.08 

0.037 

0.100 

0.800 

0.396 

41    30 

0.46 

1.16 

0.32 

0.99 

0.037 

0.080 

0.870 

0.516 

Sept.    6 
fi     13 

0.38 

1.05 

0.28 

0.98 

0.040 

0.095 

0.750 

0.480 

0.46 

1.19 

0.37 

1.15 

0.054 

0.130 

0.870 

0.560 

Average, 

0.48 

1.16 

0.36 

1.16 

0.045 

0.109 

0.740 

0.370 

The"  advantages  which  the  septic  tank  system  of  sewage  disposal 
presents,  some  of  which  have  been  already  alluded  to,  may  be  sum- 
marized as  follows,  comparison  being  made  with  intermittent  down- 
ward filtration,  irrigation,  and  chemical  precipitation. 

1.  There  results  a  very  much  smaller  quantity  of  solid  matter  or 
sludge  to  be  ultimately  disposed  of,  and  without  recourse  to  either 
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mechanical  separation,  other  than  coarse  screening,  or  chemical  treat- 
ment. 

2.  As  the  result  of  the  liquefaction  of  organic  solids  and  the  use 
of  coarse  bed  material,  the  attainment  of  a  high  rate  of  treatment  is 
secured  with  a  consequent  reduction  in  filtering  areas. 

Other  advantages  claimed,  which  are  not  so  well  established,  are: 

3.  The  general  adaptability  of  the  system. 

4.  The  smaller  outlay  for  installation,  maintenance,  and  operation. 
These  claims  are  all  based  on  the  results  obtained  by  comparatively 

small  installations,  in  the  operation  of  which  certain  difficulties  and 
limitations  have  appeared,  the  economic  importance  of  which  it  is  not 
easy  to  assign  a  general  value  to. 

With  respect  to  the  volume  of  accumulations  in  the  bottom  of  the 
Exeter  tank,  reports  are  conflicting,  and  very  little  importance  seems 
to  have  been  attached  to  this  point  in  the  Manchester  investigations. 
Mr.  Jas.  Mansergh,  in  his  report  to  the  Sewerage  Commission  of 
Baltimore,  states  that  there  is  a  marked  accumulation  of  solid  matter 
in  the  Exeter  tank,  amounting  in  twelve  months  to  \  of  its  capacity, 
and  Cameron  has  stated  that  this  deposit  amounts  to  about  20  per 
cent,  of  the  suspended  matter  entering  the  tank,  and  is  largely  inor- 
ganic. The  ultimate  disposal  of  this  matter  would  not  be  attended 
with  as  much  difficulty  as  would  the  disposal  of  ordinary  sludge,  as 
it  is  only  about  J  organic  and  not  putrescible:  its  volume  would, 
however,  be  considerable  for  a  large  installation,  and  the  cost  of 
removal  and  final  disposal  would  depend  much  on  local  conditions. 
The  rate  at  which  the  deposit  in  the  septic  tank  accumulates  varies 
greatly  in  different  installations,  but  the  cause  of  this  variation  is 
obscure.  A  more  complete  exclusion  of  grit  and  earthy  matter,  and 
possibly  a  periodic  reduction  in  the  rate  of  flow,  will  prove  a  partial 
remedy.  Future  investigations  will  doubtless  deal  with  this  question 
more  fully. 

The  rate  of  treatment,  as  already  stated,  is  very  high,  being  from 
600,000  to  1,000,000  gallons  per  acre  per  day,  but  the  beds  used  have 
gradually  decreased  in  capacity,  and  those  of  fine  material  have  re- 
quired occasional  scraping.  The  filtrate,  with  the  exception  of  that 
in  the  underdrains,  has  usually  been  found  to  be  clear  and  odorless. 

The  general  adaptability  of  this  system  to  the  purification  of 
house  sewage,  neglecting  for  the  present  the  question  of  low  bac- 
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terial  efficiency,  is  to  be  expected  from  results  already  obtained ;  there 
is,  however,  a  sufficient  element  of  uncertainty  involved  to  lead 
municipalities  to  proceed  tentatively,  particularly  where  industrial 
wastes  must  be  dealt  with  and  where  a  large  installation  is  required. 
Sewage  in  the  United  States  has  only  from  ^  to  J  of  the  strength  of 
that  which  has  been  treated  septically  in  England,  but  considering 
the  obscurity  respecting  a  number  of  important  points,  it  would  not 
be  safe  to  assume  that  it  would  be  proportionately  easier  to  purify, 
although  the  most  recent  inquiries  at  Manchester,  respecting  the  dis- 
posal of  storm  sewage,  point  to  such  a  conclusion. 

The  cost  of  installing,  maintaining,  and  operating  this  system  is 
very  largely  a  matter  of  special,  rather  than  of  general  conditions. 
An  important  economic  modification  of  the  original  design  is  the 
omission  of  the  roof  of  the  tank. 

A  further  modification  is  in  the  reduction  of  the  size  of  the  tank 
from  twenty-fours  hours'  capacity  to  possibly  seven  or  eight  hours'. 
The  proper  tank  capacity  will  doubtless  vary  with  different  sewages, 
but  the  opinion  prevails  that  a  great  reduction  can  be  made.  A  very 
common  method  of  disposal  in  England  is  by  chemical  precipitation, 
followed  either  by  discharge  into  water  or  upon  land,  and  where  an 
abandonment  of  this  method  is  found  necessary  or  advisable,  by 
reason  of  unsatisfactory  results,  the  precipitation  tanks  may  be  used 
for  septic  tanks,  for  which  they  are  well  adapted  both  in  form  and 
structure. 

An  engineering  feature  in  favor  of  the  septic  tank  is  that  it 
wastes  no  head,  the  sewage  entering  and  leaving  at  about  the  same 
level.  This  is  of  great  importance  where,  as  is  frequently  the  case, 
the  outfall  sewer  leading  to  the  place  of  disposal  is  laid  at  a  mini- 
mum grade  and  it  is  required  to  discharge  the  filtrate  at  the  elevation 
of  the  old  outfall. 


The  Bacteria  or  Contact  Bed  System. 

The  bacteria  or  contact  bed,  which  has  been  brought  into  promi- 
nence largely  through  the  efforts  of  W.  J.  Dibdin,  formerly  Chief 
Chemist  to  the  London  County  Council,  is  simply  an  uncovered 
tank  containing  generally  a  bed  of  either  coke,  clinker,  or  burnt  clay 
ballast,  the  depth  varying  from  3  to  6  feet,  though  a  depth  as  great 
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as  13  feet  is  being  used  in  a  small  experimental  bed  at  one  of  the 
London  outfalls.  Underlying  the  bed,  open-jointed  main  and  lateral 
collecting  pipes  are  arranged  on  the  floor  of  the  tank.  A  cheap  form 
of  bed  may  be  constructed  in  clayey  ground  by  making  a  reservoir- 
shaped  excavation  therein  and  puddling  the  slopes  if  necessary.  This 
mode  of  construction  appears  in  Plate  III,  showing  two  of  the  ex- 
perimental beds  at  Manchester.  Some  of  the  beds  now  in  use  in 
England  are  masonry  or  concrete  tanks  formerly  used  for  chemical  pre- 
cipitation. 

Contact  beds  are  usually  operated  in  pairs.  The  first  or  primary 
bed,  after  retaining  its  charge  from  one  to  two  hours,  discharges  by 
gravity  into  a  secondary  bed,  where  the  sewage  is  again  retaiued  for 
about  the  same  length  of  time.  This  is  known  as  double  contact 
treatment.  Where  the  second  bed  is  omitted,  the  treatment  is  by 
single  contact.  The  action  of  the  beds  is  intermittent,  but  differs 
from  ordinary  intermittent  downward  filtration  in  that  the  bed  does 
not  simultaneously  receive  and  discharge  its  contents,  but  holds  it  in 
a  quiescent  state  in  contact  with  the  bed  material  for  an  hour  or  more, 
before  discharging.  This  contact  period  is  found  necessary  on  account 
of  the  coarseness  of  the  bed  material,  and  the  consequent  high  rate 
at  which  the  sewage  would  pass  through  it  if  unchecked,  not  afford- 
ing the  necessary  time  for  effective  bacterial  action.  The  filter- 
beds  used  with  the  septic  tank,  it  will  be  seen,  are  ordinary  contact 
beds. 

The  most  recent  and  valuable  information  on  the  contact  bed  treat- 
ment of  sewage  is  that  contained  in  the  "  Experts'  Report  on  Treat- 
ment of  Manchester  Sewage,"  Oct.,  1899,  and  the  supplementary 
report  of  the  Rivers  Department  of  Jan'y  22, 1900 ;  also  several  recent 
reports  of  the  London  County  Council. 

The  one-acre  single  contact  coke  bed  constructed  in  1894  at  the 
Barking  sewer  outfall,  London,  was  the  first  to  show  what  could  be 
accomplished,  on  a  large  scale,  in  the  purification  of  sewage  by  this 
method.  As  the  particulars  respecting  the  design  and  operation  of 
this  installation  have  appeared  in  various  periodicals,  only  a  very 
brief  statement  of  the  same  will  here  be  made.  This  bed  had  orig- 
inally a  depth  of  3  feet,  subsequently  changed  to  6  feet.  Fine  pan 
breeze  covered  with  three  inches  of  gravel  was  used.  The  water 
capacity  of  the  bed  was  about  J  of  its  cubic  content.     The  3-foot  bed 
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received  3  daily  fillings  for  5  days  in  the  week ;  2  on  the  sixth  and 
none  on  the  seventh  day,  and  was  matured  in  5  weeks,  reaching  a 
rate  of  500,000  gallons  per  acre  per  day,  with  an  efficiency,  as  deter- 
mined by  the  oxygen  absorbed  and  albuminoid  ammonia  tests,  of 
79.1  and  77.2  per  cent,  respectively ;  there  was  also  an  increase  in 
the  nitrates  from  0.125  to  0.238  grains  per  gallon.  At  a  subsequent 
rate  of  600,000  gallons,  which  was  maintained  for  6  months,  the  cor- 
responding figures  are  respectively  79.8,  71.5,  and  an  increase  in  the 
nitrates  from  0.022  to  0.141.  At  a  rate  of  1,000,000  gallons,  the  cor- 
responding figures  are  respectively  77.3,  70.0,  and  an  increase  in  the 
nitrates  from  0.396  to  0.699  grains  per  gallon.  No  relation  can  be 
found  between  the  rate  and  the  efficiency.  The  high  nitrate  which 
finally  appeared  was  doubtless  derived  from  nitrogenous  matter 
stored  in  the  bed.  The  sewage  applied  to  this  bed  had  been  relieved 
of  f  of  its  suspended  solids  by  previous  chemical  treatment.  Partially 
settled  sewage,  which  had  received  no  chemical  precipitation,  was  dealt 
with  as  successfully  as  the  chemical  effluent.  The  efficiencies  given 
above  are  averages  from  a  number  of  determinations  and  those  in 
the  last  groups  were  obtained  during  the  winter,  the  bed  being  exposed. 
Three  experimental  contact  beds  were  constructed  at  the  Crossness 
Outfall,  London,  in  1898 ;  each  had  an  area  of  y|^  of  an  acre,  and 
were  designated  as  beds  Ay  J5,  and  C  The  tanks  containing  beds  C 
and  B  had  each  a  depth  of  12  feet,  but  were  filled  with  coke  to  a 
depth  of  6  feet  each ;  C  had  a  depth  of  4  feet.  In  all  of  these 
beds  ungraded  coke  the  size  of  a  walnut  was  used.  The  original 
sewage  capacity  of  B  and  C  was  4500  gallons  each,  and  of  A  3000 
gallons,  or  in  each  case  50  per  cent,  of  the  tank  volume  measure  to 
the  surface  of  the  bed.  C  and  B  were  operated  as  double  contact 
beds,  and  A  as  a  single  contact  bed.  The  time  of  filling  beds  varied 
from  seven  to  ten  minutes;  the  time  of  contact  was  three  hours;  of 
discharge  one  hour,  and  of  aeration  seven  to  eight  hours  :  thus  mak- 
ing two  cycles  per  day.  Crude  sewage,  which  had  been  screened  and 
which  was  free  from  heavy  road  detritus,  was  dealt  with  by  bed  A  at 
the  rate  of  550,000  Imperial  gallons  per  acre  per  day  with  one  filling, 
and  the  deeper,  double  contact  beds,  Cand  B,  had  a  rate  of  832,500 
gallons  with  one  filling.  These  rates  were  reduced  in  ten  months'  opera- 
tion to  370,000  and  673,400  gallons  respectively,  as  the  result  of  the 
diminished  capacity  of  the  beds  principally  from  the  storage  of  solid 
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matter.  One  of  the  deep  tanks  was  subsequently  filled  with  the 
same  grade  of  coke  to  a  depth  of  13  feet,  and  in  nine  weeks'  use  the 
results  obtained  did  not  differ  materially  from  those  given  by  the 
shallower  beds.  The  average  monthly  efficiency  of  this  installation 
is  given  below,  as  well  as  a  comparative  table  of  totals  for  the  whole 
series  of  observations.  In  the  determination  of  oxygen  absorbed  by 
the  crude  sewage,  the  solid  matter  was  first  removed  by  passing  it 
through  filter-paper,  as  the  coke  beds  would  act  similarly  and  it 
was  hence  not  necessary  to  consider  the  solids.  It  will  be  seen 
that  chemical  treatment  removed  16.9  per  cent,  of  the  organic  matter 
in  solution;  single  contact  treatment  51.3  per  cent.,  and  double 
contact  69.2  per  cent. 

AVERAGE  ANALYSES.    CROSSNESS,  LONDON.    SMALL  COKE  BEDS,  1898. 
(Grains  pee  Imperial  Gallon  =  1  in  70,000.) 


Raw  sewage, 

Chemical  effluent, 

Coke  bed  effluent,  single  treatment,  , 
Coke  bed  effluent,  double  treatment, 

River  water,  high  tide, 

River  water,  low  tide, 


Impurity  op 
Liquid. 

Per  Cent. 
Purification 

on 
Raw  Sewage. 

3.696 

___ 

3.070 

16.9 

1.799 

51.3 

1.137 

69.2 

0.350 

— 

0.429 

— 

Based  on  oxygen  absorbed  in  four  hours. 


TABLE   SHOWING  PER   CENT.  PURIFICATION.     SMALL  COKE   BEDS, 
CROSSNESS,  LONDON.     MONTHLY  AVERAGES,  1898-'99. 

Purification  Based  on  Oxygen  Absorbed  in  Four  Hours. 


Month. 


July,  1898,  . 

August,  .    .  . 

September,  . 

October,  .   .  . 
November, 

December,  .  . 
January,  1899, 

February,   .  . 

Average, 


Single 

Primary 

Secondary 

Coke  Bed 

Coke  Bed 

Coke  Bed 

A. 

C. 

B. 

54.1 

48.8 

73.2 

53.1 

51.4 

73.9 

60.0 

53.4 

70.2 

48.2 

41.0 

61.4 

59.2 

55.9 

71.2 

48.8 

47.0 

66.1 

46.7 

46.1 

66.7 

45.8 

43.1 

67.4 

51.9 

48.3 

68.8 
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MANCHESTER  EXPERIMENTAL  INSTALLATION. 
TABLE  SHOWING  PURIFICATION  EFFECTED,  AS  MEASURED  BY  OXY- 
GEN ABSORBED  AND  BY  ALBUMINOID  AMMONIA  (WEEKLY 
AVERAGES). 

Double  Filtration  op  Both  Settled  and  Raw  Sewage. 


Date. 

Week  End- 
ing 

Cbudb 
ob  Set- 
tled 
1  Sew- 
age. 

Efflu- 
ent 
prom 
A. 

Efflu- 
ent 
feom 
B. 

Pee 
Cent. 
Purifi- 
cation. 

Crude 

or 
Settled 
Sewaob. 

Efflu- 
ent 
from  A. 

Efflu- 
ent 
fromB. 

Per 
Cent. 
Purifi- 
cation. 

Remarks. 

1898         Oxygen  absorbed  in  four  hoars. 

Albuminoid  Ammonia. 

Sept.  21,     6.42 
u     28,      4.50 

5.00 

1.67 

74.0 

0.333 

0.230 

0.117 

64.9 

\ 

2.85 

1.05 

76.7 

0.398 

0.227 

0.117 

70.6 

J 

Oct.     6t 

5.41 

3.30 

1.35 

75.1 

0.343 

0.218 

0.115 

66.5 

1     Twofill- 

44     12, 

5.20 

2.78 

1.00 

80.8 

0.318 

0.300 

0.128- 

59.7 

V  ings  daily 

44     19, 

4.70 

2.50 

1.15 

75.5 

0.348 

0.300 

0.110 

68.4 

/  of  settled 
I  sewage. 

"     26, 

4.81 

2.60 

0.85 

82.3 

0.290 

0.153 

0.068 

76.6 

Average, 

3.60 

1.65 

0.75 

77.4 

0.208 

0.108 

0.048 

67.8 

/ 

Nov.    2, 

79.2 

76.9 

\  Three 
f  fillings 

"       », 

5.00 

2.75 

1.08 

78.4 

0.278 

0.168 

0.098 

64.8 

"     16, 

5.40 

3.00 

1.20 

78.8 

0.288 

0.168 

0.100 

65.3 

}  daily  of 
\  settled 

Average, 

/5.80\ 
V5.20; 

/2.80\ 
V2.607 

/l.OOx 

V1.00J 

78.8 

/0.388\ 
\0.388J 

/0.238\ 
V0.200>> 

/0.116\ 
VO.IOO^ 

69.0 

J  sewage. 

Nov.  23, 

81.8 

68.0 

\  Three 
1  fillings 
/daily -the 

44     30, 

/5.60\ 
U.50/ 

/2.80\ 
V2.50/ 

/1.15x 
M).82>> 

80.6 

/0.308\ 
V0.168/ 

/0.148\ 

vo.ioo/ 

/0.083\ 
VO.O68/ 

68.7 

Dec.     7, 

/6.00\ 
U.70>> 

/2.80x 
V2.60/ 

/1.00v 

V0.85J 

82.8 

/0.248\ 
\0.203J 

/0.118\ 
V0.118/ 

/0.058\ 
V0.058/ 

78.7 

(  first  of 
\  crudesew- 
/  age;  the 
V  other  two 
1  of  settled 
1  sewage. 

44     14, 

/5.20\ 

/3.00\ 
\2.35J 

/1.46x 
V0.82^ 

79.6 

/0.243\ 
MU78/ 

/0.128\ 
V0.108J 

/0.060\ 
V0.054J 

73.0 

Average, 

3.05 

1.08 

81.2 

0.293 

0.143 

0.078 

72.1 

/ 

Dec,  21,      6.10 

82.3 

73.4 

. 

44     28, 

5.10 

2.50 

0.90 

82.3 

0.208 

0.100 

0.048 

76.9 

\ 

1899. 
Jan.     4, 

3.72 

1.35 

0.50 

86.5 

0.218 

0.090 

0.043 

80.3 

f     Three 
fillings 

44     11, 

3.85 

1.70 

0.65 

83.1 

0.228 

0.138 

0.066 

71.0 

)  dallv  of 
/  cruaesew- 

44     18,      4.98 

1.60 

0.65 

86.9 

0.308 

0.118 

0.064 

79.2 

44     25,      3.40 

1.40 

0.60 

82.3 

0.263 

0.103 

0.063 

76.0 

l  age. 

Feb.    1, 

4.10 

1.90 

0.80 

80.5 

0.328 

0.158 

0.078 

76.2 

1 

Average, 

4.97 

2.25 

0.85 

83.4 

0.300 

0.160 

0.090 

76.1 

' 

Feb.    8, 

82.9 

70.0 

, 

44      15, 

5.20 

2.10 

0.88 

83.1 

0  379 

0.183 

0.091 

75.9 

)    Fourfill- 

•4     22, 

4.80 

2.60 

1.03 

78.5 

0.308 

0.158 

0.092 

70.0 

1  ings  daily 
(of   crude 

| 

j  sewage. 

Average 

1 

81.5 

1 

71.4 
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In  the  Manchester  investigations,  beds  A  and  B  (see  Plate  II)  were 
used  for  six  months,  or  more,  for  double  contact  treatment.  A  was 
the  primary  and  B  the  secondary  bed.  Both  settled  sewage  from  the 
small  settling  tank  and  raw,  screened  sewage  were  dealt  with,  as  is 
shown  by  the  preceding  table,  which  gives  the  number  of  daily  fill- 
ings and  the  efficiencies  of  the  beds  for  the  various  conditions  under 
which  they  were  operated.  It  should  be  noted  that  the  efficiency  of 
the  beds  when  receiving  4  fillings  daily  of  crude  sewage  was  higher 
than  for  3  daily  fillings  of  settled  sewage. 

Complete  investigations  were  made  at  Manchester  on  the  treatment 
of  storm  sewage,  the  Local  Government  Board  requiring  that  a 
volume  equal  to  6  times  the  dry-weather  flow  should  be  dealt 
with,  over  and  above  that  applied  to  the  beds  provided  for  the  dry- 
weather  discharge.  The  degree  of  impurity  permitted  in  sewage  efflu- 
ents by  the  Mersey  and  Irwell  Joint  Committee  is  1  grain  per  gallon  of 
oxygen  absorbed  in  four  hours,  and  0.1  grain  per  gallon  of  albuminoid 
ammonia.  It  was  found  at  Manchester  that  when  the  sewage  was 
somewhat  diluted  with  rain  this  standard  was  met  by  single  contact 
treatment,  and  that  usually  double  contact  gave  a  purification  exceed- 
ing the  requirements,  and  that  a  mixture  of  the  effluent  from  a  single 
contact  bed  with  that  from  double  treatment  conformed  with  the 
required  standard.  These  results  naturally  lead  to  the  treatment  of 
storm  sewage  by  single  contact,  and  at  an  accelerated  rate.  The 
amount  of  oxidizable  matter  in  the  first  runoff  from  a  storm,  covering 
a  period  of  two  hours  or  more,  was  found  to  be  as  great  as  that  in  the 
dry-weather  sewage,  and  this  runoff  could  consequently  not  be  dealt 
with  at  the  same  rate  as  the  more  dilute  discharge,  but  required  a 
short  double  contact  treatment.  Owing  to  the  increased  rate  of  dis- 
charge at  such  times,  a  storage  capacity  equal  to  two  hours'  average 
storm  flow  was  recommended.  It  was  concluded,  from  experimental 
results,  that  the  total  runoff  from  Manchester  could  be  satisfactorily 
treated  on  25  acres  of  single  contact  beds  specially  constructed  for  the 
purpose,  the  estimated  storm  flow  being  at  the  rate  of  60J  million 
gallons  per  day.  The  daily  dry- weather  flow  was  placed  at  about 
half  of  this  quantity,  requiring  60  acres  of  double  contact  bed,  or 
500,000  gallons  per  acre  per  day.  This  rate  was  deemed  too  high  by 
the  Local  Government  Board,  who  were  unwilling  to  sanction  the 
necessary  loan  for  construction  without  the  area  was  increased  50  per 
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cent,  and  the  number  of  daily  fillings  reduced  from  four  to  three;  they 
furthermore  would  require  the  application  of  the  effluent  to  land,  and 
other  modifications  of  the  experts'  recommendations.  In  the  supple- 
mentary report  it  is  stated  that  "  a  further  large  margin  is  afforded 
by  the  25  acres  of  storm  beds,  which  need  to  have  at  least  two  fillings 
per  day  put  upon  them  in  order  to  maintain  their  efficiency.  It  is 
evident  that  the  storm  beds,  being  less  frequently  in  operation,  will  be 
rich  in  nitrates,  and  thus  be  in  a  specially  favorable  condition  to  deal 
with  the  storm  sewage." 


The  Garfield  Coal  Filters. 

In  1896  Mr.  Joseph  Garfield,  Assoc.  M.  Inst.  C.  E.,  then  manager 
of  the  Wolverhampton  sewage  works,  made  some  experiments  with 
coal  as  a  filtering  medium.  The  results  with  the  sewage  of  Wolver- 
hampton, which  contained  much  chemical  wastes,  were  so  successful  that 
several  experimental  filters  were  put  in  use  at  other  places.  The 
sewage  of  Litchfield,  which  contained  a  large  amount  of  brewery 
waste,  and  which  as  a  consequence  had  proved  very  difficult  to  treat 
by  precipitation  and  land  treatment,  was  successfully  dealt  with  by 
these  filters,  giving  an  efficiency  from  7  determinations  of  78  per 
cent,  from  oxygen  absorbed,  and  71.2  per  cent,  from  albuminoid 
ammonia. 

The  following,  respecting  these  filters,  is  from  a  paper  by  Prof.  A. 
Bostock  Hill,  presented  before  The  Sanitary  Institute  at  Leeds,  in 
1897: 

"  As  far  as  is  known,  any  kind  of  coal  will  do,  but  it  should  be  as 
clean  as  possible,  and  if  necessary,  washed.  The  depth  should  not  be 
less  than  5  feet  when  it  can  be  obtained.  The  first  layer  of  the  filter 
consists  of  6  inches  of  coal,  about  half-inch  cubes  in  size,  over  and 
above  the  effluent  drain  pipes.  This  layer  is  blinded  with  a  little 
J-inch  cube  coal.  Above  this  comes  a  layer  of  30  inches  of  £-inch 
cube,  and  on  top  of  that  a  30-inch  layer  of  ^inch  cubes.  The  top 
course  is  a  6-inch  layer  of  coal  dust,  which  has  passed  through  a  -j^-inch 
mesh,  the  fine  dust  not  being  removed  as  in  the  other  layers.  The 
water  to  be  purified  is  applied  to  the  filters  by  means  of  gutters  placed 
level  on  the  surface  of  the  filter.  The  rate  of  filtration  has  been  up 
to  now  1,000,000  gallons  per  acre  per  day,  but  it  is  believed  that  this 
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quantity  may  be  increased.  The  whole  of  the  coal  used,  except  the 
bottom  6  inches  of  J-inch  cube,  will  pass  a  -j^-inch  mesh,  and  is  thus 
so  fine  that  it  is  almost  a  waste  product  at  the  colliery.  As  a  result 
of  twelve  months'  working,  it  has  been  observed  that  the  efficiency  of 
the  coal  has  increased.  At  first  it  would  appear  that  the  action, 
which,  unlike  many  other  mechanical  filters,  is  considerable,  is  a 
chemical  one  by  the  coal,  because  the  oxygen  absorbed  is  at  once  directly 
affected.  Afterward,  however,  nitrates  are  produced  in  considerable 
quantity,  so  that  probably  there  is  then  a  double  action,  chemical  and 
bacteriological. 

"  The  coal  appears  to  have  a  special  power  of  removing  the  putrescent 
organic  matter  from  the  sewage.  The  effluent  is  particularly  bright, 
and  as  I  have  stated,  shows  a  marked  diminution  in  the  quantity  of 
oxygen  absorbed.  It  is  also  perfectly  free  from  odor,  and  thus  gives 
evidence  that  the  organic  matter  removed  is  that  portion  particularly 
which  is  in  a  state  of  putrescence.  If  this  were  not  so,  we  should 
expect  to  find  an  equal  degree  of  purification  shown  by  the  quantity 
of  organic  ammonia  present,  but  as  a  matter  of  fact,  the  purification 
in  this  way  nearly  always  appears  less  than  by  the  amount  of  oxygen 
absorbed.  Of  course  it  is  understood  that,  in  dealing  with  sewage  by 
filters,  a  preliminary  precipitation  of  suspended  matter  has  taken 
place,  and  the  better  this  preliminary  purification  has  been  effected, 
the  better  the  results  obtained  in  the  effluent  from  the  filter.  In 
working  the  coal  filters,  up  to  the  present  it  has  been  found  best  to 
allow  the  filter  to  work  for  a  period  of  twelve  hours  and  then  give  it 
a  similar  period  of  rest.  As  in  all  other  filters,  this  rest  is  absolutely 
essential,  but  I  have  reason  to  hope  that  the  period  of  rest  may  be 
shortened  without  any  detriment  to  the  efficiency  of  working  of  the 
filter." 

In  a  recent  letter,  Mr.  Garfield  states  that  he  uses  an  automatic 
syphon  which  discharges  every  half-hour,  and  by  means  of  wrought 
iron  tubes  distributes  sewage  evenly  over  the  surface  of  filters.  This 
intermittent  action  is  continued  day  and  night.  He  further  states 
that  these  filters  are  operated,  without  holding  the  sewage  in  contact 
with  the  bed  material,  by  closing  the  effluent  pipe;  in  which  respect 
there  is  a  difference  from  the  ordinary  contact-bed  treatment. 
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Summary. 

The  size  of  the  beds  of  a  contact-bed  installation  should  depend 
very  much  on  the  mini  mum  rate  at  which  sewage  reaches  them.  It 
will  be  recalled  that  in  contact  treatment  there  are  four  periods — fill- 
ing, standing  full,  emptying,  and  aerating;  since  very  little  purifica- 
tion takes  place  during  the  first  period,  it  should  be  short.  If  the  bed 
is  large  relatively  to  the  rate  of  flow,  the  sewage  which  first  reaches 
it  can  not  enter  upon  the  quiescent  contact  period,  nor  can  the  bed 
material  with  which  this  sewage  is  in  contact  be  aerated  until  filling 
is  completed  and  the  whole  bed  ready  for  aeration.  If,  however,  this 
bed  is  subdivided  into  smaller  beds,  each  may  be  operated  inde- 
pendently of  the  others  and  delay  would  be  obviated,  thus  increasing 
the  total  volume  of  sewage  dealt  with;  furthermore,  the  cubic 
capacity  of  a  bed  receiving  a  uniform  flow  need  not  be  as  great  as 
one  which  receives  the  same  daily  quantity  but  at  a  variable  rate,  a 
point  to  be  borne  in  mind  in  considering  the  capacity  of  the  installa- 
tions at  Sutton,  Barking,  Crossness,  and  Manchester,-  where  the  rate  is 
uniform  throughout  the  day,  which  could  not  be  the  case  if  the  whole 
sewage  discharge  were  dealt  with  at  these  places. 

The  bed  depth  which  may  be  used  is  largely  influenced  by  the 
coarseness  and  nature  of  the  filling  material  as  affecting  the  readiness 
with  which  the  bed  becomes  aerated.  At  Crossness  a  bed  filled  to  a 
depth  of  13  feet  with  coke  the  size  of  a  walnut  gave  in  nine  weeks' 
use  an  effluent  not  differing  from  that  given  by  the  4-foot  bed  at  the 
same  place  and  filled  with  similar  material ;  with  beds  thus  increased 
in  depth  there  is  a  proportional  decrease  in  the  area  covered,  which  is 
a  matter  of  greatest  importance  where  land  is  of  considerable  value 
or  where  large  areas  can  not  be  obtained.  The  cost  of  the  tanks  per 
unit  of  volume  would  also  be  decreased.  The  bed  thickness  used  at 
Barking,  Exeter,  and  Manchester,  as  well  as  the  material  with  which 
they  are  filled,  have  been  already  stated. 

The  permanency  of  contact  beds  has  been  very  fully  investigated, 
particularly  at  Manchester,  for  it  has  been  recognized  that  the  value 
of  this  system  will  be  small  if  the  accumulation  of  sludge  in  the  in- 
terstices of  the  bed  can  not  be  prevented.  The  water  capacity  of 
beds  when  first  put  in  use  varies  from  ^j-  to  ^  of  the  cubic  capacity 
of  the  tank  below  the  bed  surface,  depending  on  the  nature  and  size 
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of  the  filling  material ;  the  coarser  having  the  greater  volume  of 
voids,  there  would  hence  be  economy  in  using  coarse  material.  The 
original  capacity  of  all  contact  beds  decreases  quickly  at  first  from 
the  formation  of  the  bacterial  film  which  surrounds  the  pieces  of  bed 
material,  and  progresses  more  or  less  rapidly  thereafter,  depending  on 
the  quantity  and  nature  of  the  solid  matter  reaching  the  beds  and  the 
method  of  operation.  The  primary  beds  at  Sutton  suffered  in  two 
years  a  decrease  in  capacity  from  32  per  cent,  of  the  volume  of  the 
containing  tank  to  19  per  cent,  when  dealing  with  crude  screened 
sewage.  The  experimental  beds  installed  at  Crossness  in  1898,  using 
coke  as  large  as  a  walnut,  showed  a  similar  decrease  in  ten  months 
from  50  to  33  per  cent.,  and  the  13-foot  coke  bed  at  the  same  place, 
while  receiving  raw  screened  sewage,  decreased  in  capacity  at  the  rate 
of  1  per  cent,  of  the  original  per  week.  This  rate  was  subsequently 
reduced  by  about  £  by  sedimentation,  and  experiments  are  now  being 
made  with  settling-troughs  in  which  the  attempt  is  made  to  so  regu- 
late the  velocity  that  grit  and  fibrous  matter,  which  are  mainly  re- 
sponsible for  the  clogging,  shall  be  deposited,  while  the  solid  putres- 
cible  matter  remains  suspended  and  passes  to  the  beds.  The  double 
contact  beds  at  Manchester  showed  a  decrease  in  the  capacity  of  the 
primary  of  47  per  cent.,  and  of  the  secondary  of  35  per  cent.,  after 
dealing  with  both  crude  and  settled  sewage  for  ten  months.  At 
Sutton,  where  both  beds  are  finer,  the  secondary  bed  very  nearly 
retained  its  original  water  capacity. 

A  long  period  of  aeration  does  not  restore  contact  beds  to  their 
original  capacity,  and  in  some  instances  has  affected  them  very  little. 
A  microscopic  examination  of  the  deposit  on  the  coke  from  the  coarse 
beds  at  Barking  and  Crossness  showed  that  "  the  surface  of  each  piece 
of  coke  had  in  the  course  of  time  become  covered  with  soft  matter, 
and  it  was  ascertained  that  this  matter  contained  some  fine  coke  par- 
ticles and  sand  grains,  cotton  and  woolen  fibers,  and  diatoms,  but 
consisted  largely  of  chaff,  straw,  and  woody  fiber."  * 

The  original  capacity  of  bed  C  of  the  Manchester  open  septic  tank 
system  was  3690  gallons.  A  continuous  use  for  seventy-four  days 
reduced  it  to  2000  gallons,  and  a  continuous  rest  of  eighteen  days 


*  Bacterial  Treatment  of  Crude  Sewage.     Supplement  to  Second  Report  of  the 
London  County  Council ;  London,  1899. 
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restored  the  capacity  to  3320  gallons.  The  recuperation  of  this  bed 
is  in  strong  contrast  to  the  permanent  loss  of  capacity  in  the  coarse 
beds  at  Crossness  which  dealt  with  crude  sewage  containing  sand  and 
fibrous  matter. 

Data  showing  the  relation  between  the  kind  and  grade  of  bed 
material  employed  in  different  installations,  and  the  degree  of  purifi- 
cation effected,  is  often  not  comparable  because  other  conditions 
influencing  purification  are  at  the  same  time  variable,  and  the  same 
difficulty  is  encountered  in  comparing  most  of  the  data  relating  to 
these  new  bacterial  systems. 

A  series  of  experiments  by  Dibdin  and  Thudichum,  conducted 
under  strictly  uniform  conditions,  gave  the  following  percentages  of 
purification,  the  impurity  of  the  coke  breeze  effluent  being  unity : 

Coke.  Coal.  Glass. 

Free  ammonia,      1.00  1.56  1.75 

Albuminoid  ammonia, 1.00  1.72  2.06 

Oxygen  absorbed,            1.00  1.60  1.65 

In  the  experiments  with  small  beds  at  the  Barking  outfall  in  1892, 
burnt  clay  ballast,  pea  ballast,  coke  breeze,  sand,  and  polarites  were 
all  used.  Based  on  the  oxygen  absorbed,  the  average  purification 
was  respectively,  in  percentages,  43.3,  52.3,  62.2,  46.6,  and  61.6, 
showing  again  the  best  results  from  coke.  In  the  extensive  investiga- 
tions since  conducted  at  the  London  sewer  outfalls,  coke  has  been 
used  to  the  exclusion  of  other  materials.  The  two  Roscoe  filters  of 
the  Manchester  experimental  installation,  one  filled  with  coke  and  the 
other  with  clinkers,  showed  the  superiority  of  the  latter  material 
under  strictly  comparable  conditions. 

The  size  of  the  bed  material  employed  in  England  varies  greatly  in 
different  installations,  being  influenced  somewhat  by  the  nature  and 
quantity  of  the  suspended  matter  to  be  treated,  but  quite  as  much  by 
the  views  of  the  designer.  The  experimental  beds  built  at  Crossness 
in  1898  were  filled  with  coke  the  size  of  a  walnut,  and  became  sludged 
up  when  dealing  with  crude  screened  sewage ;  and  with  bed  A,  at 
Manchester,  of  coarser  material,  the  same  difficulty  was  experienced, 
leading  to  the  use  of  finer  beds  and  the  application  thereto  of  the 
effluent  from  the  open  septic  tank  instead  of  crude  sewage.  With 
coarse  beds  the  clogging  is  internal,  and  with  the  fine  it  is  on  the 
surface,  where  accumulations  can  be  readily  removed,  but  where,  if 
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permitted  to  remain,  they  prevent  the  full  aeration  of  the  bed  but 
assist  in  an  even  distribution  of  the  sewage.  While  it  may  be  per- 
missible to  admit  into  the  body  of  a  bed  sewage  which  contains  little 
or  no  sand,  grit,  or  woody  fiber,  like  that  discharged  from  the  sepa- 
rate system,  the  indications  are  that  the  occasional  periods  for  recu- 
peration thereby  necessitated  may  in  the  aggregate  be  so  long  as  to 
make  it  more  economic  to  exclude  as  far  as  possible  all  solid  matter, 
by  a  previous  septic  treatment,  which  may  take  place  to  a  great 
extent  in  the  sewers,  if  their  length  and  the  lightness  of  their  grades 
sufficiently  retard  the  delivery  of  their  contents  at  the  point  of  dis- 
posal. 

The  experience  with  coarse  beds  at  Crossness  shows  most  conclu- 
sively that  sewage  containing  sand  and  street  detritus  generally  will 
produce  permanent  internal  clogging  in  coarse  beds  at  such  a  rate  as 
to  render  their  use  much  too  short  for  economy. 

The  general  method  of  operating  contact  beds  varies  with  different 
installations.  It  seems  to  be  the  general  opinion  that  the  filling 
period  should  be  as  short  as  possible,  as  already  stated  ;  what  influ- 
ence, if  any,  the  rate  of  filling  has  on  the  amount  of  interstitial  air 
absorbed  by  the  sewage  is  not  known,  although  the  opinion  has  been 
ventured  that  by  rushing  the  sewage  on  the  bed  a  greater  amount  of 
air  would  be  imprisoned  than  if  slowly  applied. 

The  standing-full  or  contact  period  usually  varies  from  one  to  two 
hours  for  both  the  primary  and  secondary  beds,  during  which  time 
the  action  is  largely  anaerobic. 

The  number  of  daily  fillings  which  the  beds  of  different  installations 
receive,  varies,  as  has  been  seen,  from  1  to  4. 

It  has  been  found  that  new  contact  beds  must  be  matured  by  a 
quite  limited  application  of  sewage  at  first,  and  with  a  gradual  in- 
crease up  to  their  normal  capacity,  a  process  occupying  several  weeks. 
The  reason  for  this  is  that  the  organisms  which  are  necessary  for  the 
process  of  purification  are  derived  from  the  applied  sewage,  and  mul- 
tiply and  exercise  their  purifying  function  effectively  if  the  amount 
of  work  imposed  on  them  is  not  too  great ;  as  they  multiply  in  the 
bed  and  receive  accessions  from  the  sewage  passing  through  it,  the 
bed  becomes  more  and  more  active,  and  can  thus  deal  with  larger 
volumes  of  sewage.  It  has  been  found  frequently  that  beds  which  at 
first  refused  to  purify  when  receiving  comparatively  small  volumes 
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of  sewage  were  able  to  deal  with  from  500,000  to  1,000,000  gallons 
per  acre  per  day  after  being  properly  matured ;  and  furthermore,  that 
mature  beds  suffer  but  little  if  occasionally  required  to  treat  sewage 
at  a  rate  much  above  the  normal,  recuperating  very  quickly  there- 
after. 

The  extremely  low  bacterial  efficiency  of  the  so-called  bacterial 
methods  of  sewage  disposal  has  been  referred  to  as  a  distinctive  fea- 
ture, and  it  is  one  which  in  its  possibilities  for  harm  demands  special 
consideration. 

From  a  series  of  examinations  it  appears  that  the  crude  sewage  of 
Exeter  contains,  on  an  average,  5,450,000  bacteria  per  cubic  centi- 
meter, and  that  the  filtrate  obtained  from  this  sewage  contains  on  an 
average  4,600,000  bacteria  per  cubic  centimeter/showing  an  efficiency 
of  only  1 6  per  cent.  From  ten  examinations  of  the  crude  sewage  and 
of  the  effluent  from  the  coke  beds  at  Crossness,  the  corresponding 
average  figures  were  6,140,000  and  4,437,000  respectively,  the  effi- 
ciency consequently  being  27.7  per  cent. 

Considering  the  coarse  grade  of  material  used  in  these  and  in  most 
of  the  English  contact  beds,  and  the  high  rate  of  treatment,  their  low 
bacterial  efficiency  might  have  been  predicted,  for  it  is  known  that 
the  removal  of  these  organisms,  as  in  the  filtration  of  water  through 
material  very  much  finer,  is  largely  due  to  their  retention  in  the 
gelatinous  coating  which  forms  on  the  surface  of  the  filter-bed ;  and 
while  it  is  true  that  a  similar  coating  covers  the  pieces  of  material  in 
a  coarse  contact  bed,  the  voids  are  so  large  that  much  of  the  sewage 
passes  through  the  bed  without  coming  into  intimate  contact  therewith. 

A  large  number  of  the  bacteria  found  in  sewage  are  those  common 
to  normal  surface  waters,  but  a  very  large  number  is  also  derived 
from  excrementitious  matter.  At  the  Crossness  outfall  of  the  London 
sewers  an  average  of  10  analyses  of  sewage  showed  100,000  B. 
coli  communis  per  cubic  centimeter  of  crude  sewage,  and  practically 
the  same  number  in  the  effluent  from  the  coke  beds.  The  spores  of 
B.  enteritidis  sporogenes  were  found  in  the  crude  sewage  in  numbers 
varying  from  10  to  1000  per  cubic  centimeter,  and  usually  more  than 
100,  and  were  found  in  the  effluent  in  undiminished  numbers.  The 
former  of  these  is  a  very  common  organism  of  human  fecal  matter, 
and  the  latter  is  derived  from  the  same  source  and  is  considered  to  be 
the  cause  of  diarrhea.      In  the  sporadic  or  resting  state,  bacteria  are 
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far  more  resistant  to  adverse  conditions  than  when  in  the  growing  or 
vegetative  state,  into  which  such  as  form  spores  pass  when  conditions 
are  favorable  to  growth ;  hence  if  the  spores  of  B.  enteritidis  should 
find  their  way  into  the  stomach  through  drinking-water  they  would 
probably  germinate  and  produce  diarrhea. 

The  true  significance  of  these  investigations  is  that  they  lead  fairly 
to  the  assumption  that  if  the  nonpathogenic  intestinal  organisms  pass 
through  in  the  filtrate  in  practically  undiminished  numbers,  we  may 
expect  that  at  times  the  pathogenic  organisms  which  are  associated 
with  them  in  enteric  diseases,  such  as  typhoid  fever,  will  also  pass 
through  the  beds. 

B.  enteritidis  sporogenes,  while  not  classed  as  a  pathogenic  germ, 
usually  causes  death  in  guinea-pigs  in  twenty-four  hours  from  sub- 
cutaneous injections.  This  organism  was  found  in  large  numbers  in 
London  crude  sewage. 

A  series  of  examinations  of  the  coke  in  the  beds  at  Crossness 
showed  the  constant  presence  of  an  organism  which  in  its  staining 
reaction  resembled  the  tubercle  bacillus,  and  which  could  not  be  mor- 
phologically distinguished  therefrom.  "  In  one  instance  a  guinea-pig 
inoculated  with  the  deposit  accumulating  on  the  coke  of  a  bacteria 
bed  died,  and  presented  on  examination  the  appearance  of  death  from 
tubercle  infection;  and  sections  of  its  organs,  when  appropriately 
stained,  showed  the  presence  of  numerous  tubercle  bacilli.*  The 
difficulty  of  forming  any  general  opinion  with  regard  to  the  patho- 
genicity of  the  effluents  from  contact  beds  will  become  evident  in 
comparing  the  results  of  the  following  experiments  with  the  foregoing 
statements.  Quoting  from  Dr.  RideaPs  Cantor  lectures:  "  With 
regard  to  typhoid  fever,  Laws  and  Andrews  some  years  ago  showed 
that  some  liquefying  organisms  have  a  germicidal  effect  on  typhoid 
bacilli,  so  that  their  sojourn  in  a  septic  tank,  or  their  arrest  in  an 
anaerobic  upward-flow  filter  with  such  organisms,  diminishes  instead 
of  increases  their  chance  of  survival.  Dr.  Packard,  of  Exeter,  has 
proved  this  fact  again  experimentally  by  introducing  an  emulsion  of 
typhoid  bacilli  into  a  septic  tank,  when  he  found  that,  instead  of 
increasing,  they  rapidly  diminished   until,  after  fourteen   days,  less 


*  Bacteriological  Treatment  of  Crude  Sewage  (supplement  to  Second  Report  to  the 
London  County  Council,  by  Dr.  Clowes  and  Dr.  Houston) ;  Oct.  26,  1899. 
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than  1  per  cent,  of  the  number  introduced  were  surviving.  The  same 
investigator  also  proved  that  the  filtration  was  also  efficient  in  removing 
typhoid  bacilli,  as  he  found  that  filtration  as  conducted  at  Exeter 
removed  about  90  per  cent,  of  typhoid  bacilli  from  sewage  inoculated 
with  this  organism. 

"  Before  this  evidence  of  the  comparatively  innocuous  character  of 
the  filtrates  from  bacterial  systems  was  available,  I  pointed  out  that 
subsequent  chemical  treatment  could  be  used  for  sterilizing  the  filtrate 
if  necessary.  ...  I  found  that,  on  adding  (to  a  filtrate)  1.77 
parts  available  chlorin  per  100,000,  although  about  half  the  amount 
immediately  combines  with  any  organic  matter  present,  if  the  aerating 
filter  has  not  worked  efficiently,  the  micro-organisms  by  contact  with 
the  remainder  are  gradually  killed,  so  that  plate  cultivations  df  such 
sewage  taken  after  fourteen  minutes  showed  no  growth  with  three  and 
a  half  days'  incubation." 

It  is  known  that  if  the  organic  matter  of  sewage  is  entirely  removed 
the  bacteria  contained  therein  will  die  from  starvation,  but  where 
from  15  to  20  per  cent,  of  this  matter  remains  it  is  a  question  if  there 
is  not  sufficient  pabulum  to  support  the  life  of  a  large  number  of 
these  micro-organisms ;  nor  can  complete  reliance  be  placed  on  the 
crowding  out  of  pathogenic  germs  by  the  more  hardy  species,  as  has 
been  observed  experimentally  in  the  laboratory. 

Where  the  body  of  water  which  receives  the  effluent  from  bacterial 
treatment  can  not  be  used  for  a  domestic  supply,  as  at  London  and 
Manchester,  there  seems  to  be  no  reason  for  apprehending  that  such 
effluent  will  be  a  source  of  danger;  but  where  the  discharge  is  into 
water  which  is  used  for  domestic  purposes,  this  apprehension  will 
probably  be  felt  until  experience  shall  have  found  it  to  be  groundless, 
even  though  the  water  is  filtered. 

DISCUSSION. 

Henry  Lefpmann. — It  is  not  necessary  to  call  attention  to  the  importance  of 
the  topic  which  has  been  presented  to  us,  nor  need  we  wonder  that  it  is  from 
England  that  we  get  information  of  a  scientific  system  of  sewage  disposal.  Prob- 
ably no  other  country  has  given  so  much  attention  to  the  questions  involved  in  the 
examination  and  protection  of  water-supply.  This  is  largely  because  the  area  is 
well-populated,  the  streams  are  small,  the  industries  numerous  and  varied,  and 
the  people  fully  alive  to  their  rights. 

The  subject  has  been  so  clearly  and  comprehensively  presented  in  the  paper 
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that  bat  little  is  left  to  say  in  the  way  of  discussion.  A  question  that  will  suggest 
itself  to  those  present  is  as  to  the  applicability  of  these  methods  to  American 
cities.  Inquiry  will  show  that  several  conditions  exist  in  this  country  which  will 
be  serious  obstacles  to  the  instalment  of  extended  systems  of  sewage  disposal. 
One  of  these  is  the  high  dilution  of  the  sewage.  American  cities  use  water 
wastefully,  and  produce  a  much  larger  volume  of  sewage  in  proportion  to  popula- 
tion than  European  cities.  This  is,  however,  an  old  story  and  need  not  be  fur- 
ther discussed. 

The  conflicting  jurisdiction  arising  from  the  existence  of  a  number  of  inde- 
pendent States  is  a  serious  interference  with  any  broad  reform  in  the  protection 
of  water-courses.  Our  own  locality  is  an  excellent  case  in  point  If  Philadelphia 
should  decide  to  take  water  from  the  Delaware  River,  it  will  be  advisable  to  have 
means  to  prevent  pollution  of  the  stream  for  many  miles  above  the  intake.  Yet, 
without  an  act  of  Congress,  no  restraint  could  be  exercised  upon  New  Jersey 
communities.  Similarly,  Philadelphia  could,  and  probably  would,  disregard  any 
appeal  from  communities  in  either  lower  New  Jersey  or  Delaware. 

The  main  sanitary  defect  of  the  systems  in  question  is,  as  Mr.  Easby  has 
pointed  out,  the  low  bacterial  efficiency.  It  is  true  that,  in  many  cases,  the 
ordinary  microbes,  especially  those  directly  concerned  in  putrefactive  processes,  are 
inimical  to  the  specific  or  pathogenetic  forms,  and  may  in  concentrated  mass  ex- 
terminate the  latter,  yet  this  function  can  not  be  expected  to  be  applicable  when 
the  mass  is  diffused  in  a  large  volume  of  nearly  pure  water,  as  occurs  when  im- 
perfectly purified  sewage  is  discharged  into  a  running  stream.  Hence  we  must 
agree  with  Mr.  Easby  that  the  results  of  the  so-called  septic  methods  indicate 
that  while  a  very  foul  sewage  may  at  no  great  cost  be  rendered  inoffensive,  the 
effluent  may  not  be  fit  for  addition  to  a  stream  which  may  be  subsequently  used 
as  a  source  of  drinking-water. 

The  methods  of  analysis  used  by  the  English  chemists  are  not  free  from  objec- 
tion. It  is  not,  however,  appropriate  to  discuss  this  matter  here  at  any  length. 
I  desire  to  say  that  I  regard  the  method  in  which  potassium  permanganate  is 
used  for  four  hours  at  a  moderate  temperature  as  of  little  value  as  a  guide  to  de- 
termining either  the  potability  of  a  water  or  the  extent  of  its  purification.  It  is 
much  to  be  regretted  that  data  were  not  obtained  by  the  use  of  the  permanganate 
in  acid  solution  at  the  boiling  temperature,  in  accordance  with  the  standard 
methods  in  vogue  among  the  American  and  German  chemists,  and  that  determina- 
tions of  the  total  unoxidized  nitrogen  were  not  made  by  the  Kjeldahl  method. 

P.  A.  Maignen. — I  had  the  pleasure  of  seeing  Mr.  Alvord's  sewage  plant 
near  Chicago  last  year,  and  I  was  very  much  struck  with  the  fact  that  the  liquid, 
coming  out  of  the  covered  septic  tank,  was  nearly  clear ;  the  paper  and  all  solid 
matter  had  been  practically  decomposed.  On  lifting  the  plate  that  covers  an 
opening  in  the  roof  of  the  septic  tank,  a  blue  scum  nearly  a  foot  thick  is  to  be 
seen  on  the  surface ;  when  broken,  this  scum  emits  very  strong  gas.  I  under- 
stand that  there  is  a  comparatively  small  mineral  deposit  at  the  bottom  of  the 
tank. 

At  first  Mr.  Alvord  had  some  trouble  in  directing  the  currents  of  the  liquid 
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through  the  septic  tank,  so  as  to  make  it  remain  a  long  time  therein.  Water 
going  from  one  point  to  another  does  so  very  much  like  a  billiard  ball.  Unless  its 
flow  is  checked,  it  goes  direct  from  the  point  of  inlet  to  the  point  of  outlet,  without 
mingling  with  the  surrounding  liquid.     This,  I  understand,  has  been  corrected. 

After  leaving  the  septic  tank  the  clarified  sewage  goes  into  a  coke  filter, 
made  up  of  lumps  two  or  three  inches  thick.  Mr.  Alvord  thinks  they  ought  not 
to  be  more  than  one  inch  thick. 

The  coke  filter  was  covered  at  first,  as  it  was  feared  the  odors  would  create  a 
nuisance.  This  fear  having  proved  groundless,  the  roof  has  been  taken  away,  so 
that  the  coke  filters  are  entirely  exposed  to  the  air.  They  are  in  two  compart- 
ments, and  are  alternately  filled  and  emptied,  with  a  period  of  dryness  between. 
An  automatic  valve  turns  the  liquid  into  one  or  the  other  compartment,  as 
required. 

The  sewage,  first  clarified  by  the  septic  tank,  and  further  oxidized  by  the  coke- 
filters,  is  still  objectionable,  and  experiments  made  with  sand  filters  as  a  third 
operation  have  not  proved  satisfactory.  The  effluent  becomes  black  and  noxious ; 
something  better  than  a  sand  filter  is  wanted  to  complete  the  process  of  sewage 
purification. 

I  should  like  to  know  in  what  form  Mr.  Easby  would  recommend  the  use  of 
chlorin,  and  also  if  he  has  any  data  as  to  what  has  become  of  the  so-called  A.B.  C. 
process  which  was  used  on  a  somewhat  large  scale  in  England  some  years  ago. 
In  London,  some  ten  or  twelve  years  ago,  sodium  permanganate  and  sulphuric 
acid  were  tried.    Later  on  lime  and  iron  have  been  used. 

The  solution  of  the  problem  seems  to  be  in  the  use  of  the  septic  tank,  coke 
filters,  and  chemical  treatment,  the  latter  having  comparatively  little  to  do,  because 
the  greater  part  of  the  work  will  have  been  done  by  the  first  two  operations. 

Mr.  Easby. — Chemicals  are  disadvantageous  in  the  first  steps  of  sewage  puri- 
fication for  they  act  as  antiseptics,  but  in  the  final  stages  they  may  be  used. 

The  Chairman  (L.  Y.  Schermerhorn). — Is  any  effort  made  to  intercept  the 
matter  before  it  reaches  the  treating  tanks  ? 

Mr.  Ea8BT. — Yes ;  in  the  septic  tank  the  effort  is  made  where  the  influent 
pipe  enters.  It  is  there  that  the  street  detritus  is  principally  trapped.  Some  of 
it,  unfortunately,  passes  on.  It  is  this  material  which  is  very  largely  responsible 
for  the  permanent  loss  of  capacity  in  all  of  these  beds,  because,  of  course,  it  can 
not  be  treated  bacterially  :  it  is  inorganic  matter.  The  septic  tank,  besides  per- 
mitting some  of  this  inorganic  matter  to  pass  through,  also  permits  quite  a  large 
percentage  of  the  organic  matter  to  pass  on  to  the  beds,  but  in  a  very  finely 
divided  state,  and  the  latter  has  lost  much  of  its  objectionable  qualities.  The 
fibrous  materia],  which  is  mineralized  very  slowly,  and  the  mineral  matter — sand 
and  grit — are  together  responsible  for  the  permanent  loss  of  capacity.  There  is 
a  temporary  loss  of  capacity  due  to  the  storage  of  organic  matter,  but  this  will 
yield  to  bacterial  treatment  if  the  bed  is  aerated  for  seven  or  eight  days  or  longer. 
To  throw  a  bed  out  of  use  that  long  simply  means  so  much  increase  in  the 
acreage. 

The  Chairman. — My  reference  to  the  suspended  earthy  material  which  might 
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be  discharged  with  the  sewage  was  prompted  by  my  knowledge  of  the  fact  that 
the  city  of  Philadelphia  expends  a  considerable  sum  of  money  annually  to 
remove  material  from  the  docks.  The  amount  removed  is  evidently  small  in 
proportion  to  that  discharged,  and  I  should  say  that  four  or  five  hundred  thousand 
cubic  yards  would  not  be  an  extravagant  estimate  of  the  amount  of  earthy  matter 
which  is  brought  annually  into  the  Schuylkill  and  Delaware  rivers,  the  recipients 
of  the  sewage  of  the  city  of  Philadelphia.  That  would  be  over  a  thousand  cubic 
yards  per  day. 

Mr.  Easby. — In  the  main  receptacle  of  the  septic  tank  the  accumulation  in 
the  bottom  is  about  one-third  organic  and  two-thirds  inorganic.  It  is  probable 
that  not  a  little  of  this  matter  is  sand  and  street  detritus. 

Mr.  Maignen. — It  is  well  to  note  that  the  septic  tanks  have  not  been  applied 
to  sewage  diluted  as  that  of  Philadelphia.  We  shall  soon  have  some  data  on  the 
use  of  chlorin.  I  understand  that  the  War  Department  has  applied  this  process 
on  a  large  scale  in  Havana,  and  that  an  official  test  has  lately  been  made  of  the 
plant.  No  doubt  the  results  will  be  published  before  very  long,  so  that  we  will 
be  able  to  form  an  opinion  on  this  system. 
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[Abstract] 

MODERN  METHODS  OF  MANUFACTURING  GAS ;  WITH  A 

DESCRIPTION  OF  ITS  DISTRIBUTION  UNDER 

HIGH  PRESSURE. 

FREDERICK    H.    SHELTON. 

Read  May  5,  1900. 

Before  taking  up  the  descriptive  portion  of  the  subject,  it  may 
be  well  to  distinguish  between  the  various  gases  that  are  commer- 
cially used,  as  many  are  apt  to  think  that  gas  is  gas,  and  that  there  is 
but  one  kind.  We  all  know  of  natural  gas— distributed  in  the  West 
rather  than  in  the  East,  and  obviously  not  a  manufactured  product. 
We  are  also  familiar  with  "  producer  gas/'  cheaply  made  and  impos- 
sible to  distribute  to  any  considerable  distance ;  used  almost  entirely 
in  iron  and  steel  manufacture  and  industries  of  that  nature.  It  is 
not  that  kind  to  which  I  have  reference  to-night ;  nor  is  it  any  of 
the  special  gases,  such  as  the  high-candle-power  pure  oil-gas,  particu- 
larly adapted  to  fields  involving  very  high  compression,  as  when  a 
large  quantity  of  illuminating  value  stored  in  a  very  small  receptacle 
is  desired — for  car  lighting,  for  instance ;  nor  am  I  referring  to  "  fuel 
gases"  of  various  kinds,  sometimes  nothing  more  than,  literally, 
"  greased  air " — air  charged  with  naphtha  or  benzin.  I  shall  refer 
strictly  and  wholly  to  that  gas  which  is  known  as  illuminating  gas, 
and  which  is  distributed  in  all  of  our  principal  cities — in  fact,  in 
practically  every  city  in  the  country  of  a  population  of  5000  or  over. 

The  manufacture  of  illuminating  gas  is  a  little  over  a  hundred 
years  old.  William  Murdock,  in  1792,  in  England,  was  the  first  one 
to  serve  his  house  and  some  of  his  neighbors  with  such  gas,  and  he  is 
known  as  the  "  father  of  gas  lighting."  Since  his  time  innumerable 
methods  of  making  and  supplying  illuminating  gas  have  been  sug- 
gested and  more  or  less  agitated.  I  presume  that  no  other  industrial 
art  has  had  more  worthless  patents  brought  out. 

Oil,  for  instance,  is  very  volatile.  A  tea-pot  containing  a  little  oil 
put  on  a  stove  will  apparently  make  "gas,"  and  this  easy  vaporization 
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and  therefore  apparently  easy  way  of  making  gas  has  resulted  in 
more  broken  hearts  and  broken  pocket-books,  and  disappointments 
over  exploded  "  processes,"  than  in  almost  any  other  field  of  work. 
The  patent  office  record  is  full  of  worthless  processes,  of  which  but 
few  have  got  a  foothold  commercially.  The  almost  universal  method 
of  making  gas,  from  the  beginning  and  until  comparatively  recently, 
has  been  that  which  we  all  know  as  "  the  coal-gas  process."  William 
Murdock  used  it ;  and  some  of  the  largest  additions  to  gas  plants  to- 
day are  upon  this  line.  It  consists,  in  brief,  of  the  distillation  of 
bituminous  coal — soft  coal.  In  the  manufacture  of  coal-gas,  as  dis- 
tinguished from  water-gas  (of  which  I  will  speak  later),  there  are  sev- 
eral steps  which,  while  not  all  exactly  distinct  processess,  are  sufficiently 
so  to  make  each  a  particular  feature. 

The  disadvantages  of  the  coal-gas  process  are  chiefly  these:  The 
cost  of  labor,  a  high  repair  account,  and  that  there  is  practically  no 
elasticity  in  the  operation.  The  ovens  will  turn  out  about  so  much 
gas  right  along  each  twenty-four  hours.  One  can  not  speed  them  up 
for  heavy  demands,  and  when  a  series  of  dark  days  sets  in,  and  the 
demand  is  increased  fifty  per  cent.,  there  is  no  easy  or  economical 
method  of  meeting  it.  The  system  is  weak  in  that  respect.  Other 
defects  are  that  coal-gas  takes  a  great  amount  of  space  for  buildings ; 
the  investment  is  large.  Furthermore,  the  quality  of  gas  made  by  it 
is  limited  to  about  18  or  20  candles.  In  all  of  these  points  the  water- 
gas  system  is  superior,  and  the  realization  of  it  has  caused  it  to  replace 
the  coal-gas  system  to  such  extent  that  to-day  the  former  is  used  for 
two-thirds  of  the  gas  made  in  this  country. 

The  making  of  water-gas  is  based  upon  the  theory,  and  the  interest- 
ing scheme,  of  producing  by  composition  (making  artificially,  so  to 
speak)  a  product  similar  to  that  obtained  from  soft  coal;  in  other 
words,  the  making  of  hydrocarbons.  If  there  be  found  a  cheap 
source  of  hydrogen  and  another  cheap  source  of  carbon,  and  a  good 
way  of  extracting  these  and  of  mixing  permanently  and  in  the  right 
proportions,  the  result  will  be  the  same  thing  as  that  secured  by  dis- 
tillation of  soft  coal.  The  water-gas  process  does  that.  Steam  is  the 
base,  and  steam  is  water,  hence  the  name  of  "  water-gas."  The  steam 
contains  the  hydrogen,  it  being  one  of  the  elements  of  the  water. 
Thus  we  have  in  water — i.  e.,  steam — easily  procurable,  a  supply  of 
hydrogen,  if  we  can  get  it  away  from  the  oxygen.     In  petroleum,  or 
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liquid  hydrocarbon,  we  have  an  available  supply  of  hydrocarbon. 
The  principle  upon  which  the  making  of  water-gas  is  based  was 
known  a  hundred  years  ago — that  is,  the  fact  that  steam,  in  the 
presence  of  incandescent  carbon,  will  decompose.  The  question, 
however,  of  how  to  separate  the  steam  into  oxygen  and  hydrogen, 
on  any  large  scale,  was  practically  a  very  difficult  one,  finally 
solved  by  the  use  of  incandescent  carbon  in  the  form  of  coal. 
For  half  a  century  inventors  tried  to  make  gas  by  using  steam, 
recognizing  the  weaknesses  of  coal-gas  manufacture.  From  1800  to 
1860  probably  60  patents  were  taken  out.  None  of  them,  however, 
covered  practical  methods.  Along  in  the  60*8  a  little  more  success 
was  attained.  Steam  was  turned  into  existing  retorts  of  coal-gas 
benches,  red-hot  coke  was  used  for  the  carbon,  with  more  or  less  oil, 
and  some  water-gas  was  secured.  This  still  had  the  slowness  of  the 
retort  process,  and  most  of  the  difficulties,  practically,  of  making  coal- 
gas;  it  was  only  a  half-way  method  of  making  water-gas.  It  was 
not  until  1872  that  the  first  patent  was  taken  out  for  the  form  of 
water-gas  process  that  has  revolutionized  the  business.  This  was  by 
Prof.  T.  S.  C.  Lowe,  who  is  known  as  "  the  father  of  water-gas." 
He  was  an  aeronaut  in  the  army  during  the  Civil  War.  After  the 
war  he  continued  to  study  the  manufacture  of  gases.  He  conceived 
the  scheme  of  having  a  "  generator,"  so-called,  resembling  a  large  ver- 
tical boiler,  consisting  of  a  fire-brick-lined  shell,  and  containing  a  bed 
of  anthracite  coal,  which  was  first  "blown  up"  by  a  forced  draft  to 
an  incandescent  state.  Into  this  he  then  turned  the  steam,  with  the 
result  that  the  steam  in  passing  through  the  fire-bed  became  decom- 
posed and  hydrogen  was  set  free.  He  took  out  a  patent  for  this  pro- 
cess in  1872,  and  another  in  1875,  and,  as  I  have  said,  he  evolved  the 
right  combination,  as  compared  with  the  earlier  plans,  which  were 
failures,  for  water-gas  made  on  his  plan  to-day  includes  two-thirds  of 
the  illuminating  gas  made  in  this  country.  As  it  is  a  matter  of  con- 
siderable importance  and  vital  to  gas  interests  in  these  days,  it  is  worth 
taking  just  a  moment  or  two  to  describe  the  apparatus. 

A  vertical  generator  shell  is  provided  with  charging-door  at  the  top 
and  grate  at  the  bottom,  with  a  hopper  for  the  taking  out  of  ashes ; 
this  shell  is  lined  with  fire-brick,  and  is  connected  by  a  cast-iron, 
goose-neck  connection  to  a  second  shell  standing  in  the  rear  also 
lined  with  fire-brick,  and  has  an  outlet  at  the  top  to  the  stack.     It 
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is  filled  with  checker  brick,  ordinary  4x9  inches  fire-brick,  stacked 
up  "dry"  at  right  angles  from  top  to  bottom.  The  two  vessels 
cover  all  the  fundamental  apparatus  necessary  for  the  manufacture 
of  water-gas.  The  generator  or  first  vessel  is  filled  full  of  carbon — 
that  is,  anthracite  or  coke,  which  is  blown  up  to  a  white  heat  (taking 
about  ten  minutes  in  regular  operation)  by  an  air  blast  which  enters 
at  the  bottom.  The  products  of  combustion  pass  out  through  the 
connecting  pipe  into  the  second  vessel  (the  chargiug-door  being 
closed),  and,  entering  at  the  base,  are  therein  burned  (the  products 
being  carbon  monoxid  and  nitrogen  chiefly)  by  the  admission  of  a 
second  air-supply,  with  the  result  of  heating  the  fire-brick  stacked  up 
in  the  second  vessel.  When  hot  enough,  the  air  blast  is  shut  off",  the 
top  or  stack  outlet  is  closed,  and  steam  is  turned  in  the  base  of  the 
generator  and  passes  up  through  the  white-hot  carbon  or  coal,  with 
the  result  that  two  reactions  take  place.  First,  the  steam  is  converted 
into  hydrogen  and  carbon  dioxid,  and  immediately  a  second  reaction 
follows — the  carbon  dioxid  turning  into  carbon  monoxid.  The  re- 
sulting products  are  hydrogen  and  carbonic  monoxid.  Of  course, 
putting  two  elements  in  the  steam  at  the  base,  hydrogen  and  oxygen, 
and  taking  out  the  hydrogen  at  the  top,  we  also  have  to  account  for 
the  oxygen.  The  oxygen  comes  through  in  the  form  of  carbon  mon- 
oxid, the  oxygen  of  the  steam  having  united  with  the  carbon  of  the 
coal.  These  two  gases,  carbon  monoxid  and  hydrogen,  burn  with  a 
blue  flame  but  practically  have  no  lighting  power.  They,  however, 
give  us  the  combustible  vehicle  that  we  need.  At  some  convenient 
point,  frequently  on  top  of  the  generator,  the  vapors  of  oil  are  added. 
That  is  where  the  hydrocarbons  are  put  in.  Petroleum,  gas  oil,  crude 
oil  almost  in  any  form  that  can  be  vaporized,  is  simply  injected  into 
the  apparatus  and  immediately  vaporizes  in  the  intense  heat.  The  oil 
does  not  burn  for  the  reason  that  there  is  no  air  for  combustion,  the 
vessel  being  entirely  sealed.  The  oil  vapors,  the  hydrogen,  and  the 
carbon  monoxid  pass  over  together  into  the  second  chamber.  The 
object  of  this  second  vessel  is  to  serve  as  a  mixing  and  fixing  chamber 
for  the  crude  gas.  It  was  found  very  quickly  that  if  the  gas  loaded 
with  oil  vapors  was  put  out  into  the  distributing  system  unfixed  or  in 
indifferent  shape  it  would  be  resolved  into  its  constituents,  the  oil 
condensing  in  the  mains,  leaving  very  little  illuminating  power  to  the 
gas.     It  was  necessary  to  devise  means  to  prevent  the  constituents 
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giving  trouble  by  separation  in  the  later  steps  of  distribution.  It  was 
found  that  the  simple  process  of  passing  these  mixed  gases  through 
red-hot  fire-brick  made  them  so  fixed  that  when  they  left  the  machine 
they  had  practically  no  tendency  to  separate.  It  is  of  interest  to  note 
that  the  vessel  located  back  of  the  generator  and  serving  to  fix  the 
product  without  additional  expense  is  fired  by  the  otherwise  waste 
heat  resulting  from  blowing  up  thegenerator  and  getting  it  hot.  The 
heat  from  the  first  vessel  is  diverted  to  aud  heats  the  second  vessel 
without  the  addition  of  a  pound  of  coal  to  the  original  fuel  bill. 

Such  is  the  original  form  of  apparatus  as  made  by  Professor  Lowe. 
It  was  found  that  the  single  second  vessel,  or  superheater  (so-called,  I 
think,  for  the  reason  that  the  arrangement  of  the  fire-brick  was  an 
imitation  of,  or  an  appropriation  of,  the  superheater  used  in  the 
Sieraen's  furnace  in  steel  works — at  any  rate,  that  name  became 
attached  to  it  and  has  clung  to  it  ever  since — was  insufficient,  and  a 
second  one  is  now  inserted  between  the  two  original  vessels,  serving 
as  the  connecting  link,  replacing  the  goose-neck,  and  practically 
doubling  the  capacity  of  the  checker-brick  and  the  fixing  element  of 
manufacture.  The  temperature  of  the  brick  in  the  first  superheater 
is  much  more  uniform  than  the  varying  temperature  of  the  coal-bed. 
The  blast  and  the  introduction  of  the  steam  makes  considerable  range 
in  the  latter's  temperature,  and  it  is  desirable  to  introduce  the  oil  into 
a  temperature  fairly  uniform  as  far  as  possible;  so  that  now,  for  that 
reason,  the  oil  is  almost  invariably  put  into  the  middle  vessel.  One 
can  get  a  good  idea  of  the  water-gas  process  if  one  will  simply  con- 
ceive for  a  moment  an  old  iron  stove,  almost  white  hot,  a  stove  such 
as  one  sometimes  see  while  belated  in  a  country  railroad  station.  If 
one  of  these  stoves  should  be  arranged  so  that  it  would  not  leak,  and 
we  would  simply  inject  a  small  amount  of  steam  under  the  grate,  up 
through  the  coal  or  carbon,  that  steam  would  turn  into  pure  water- 
gas.  If  then  a  little  oil  should  be  inserted  into  the  stove  through  the 
top,  crude  illuminating  water-gas  would  come  out  of  the  stack  into 
the  chimney. 

It  is  somewhat  interesting  to  bear  in  mind  by  us  as  Philadelphians 
that  the  relative  perfection  of  the  modern  water-gas  process  has  been 
accomplished  by  the  United  Gas  Improvement  Company  of  this  city. 
Fifteen  or  more  years  ago  this  company  realized  that  the  water-gas 
process  was  the  coming  process,  and  acquired  the  patents,  and  corn- 
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raenced  the  construction  business.  From  that  time  it  has  steadily 
filled  the  country  with  water-gas  apparatus,  the  recognized  standard 
machinery  of  its  class,  as  standard  as  the  Hoe  printing  press,  the 
Corliss  engine,  the  Winchester  rifle,  and  any  such  apparatus  predomi- 
nating in  its  line.  It  may  further  be  of  interest  to  know  that  the 
original  water-gas  plant  was  built  at  Phoenixville,  Pa.,  in  1872,  and 
that  by  the  course  of  events  at  this  time  I  happen  to  be  a  part  owner 
of  that  plant,  and  that  the  Phoenixville  plant  has  become  the  starting- 
point  of  another  innovation  in  the  gas  business,  which,  while  by  no 
means  as  radical  as  the  water-gas  process,  is,  nevertheless,  I  believe, 
going  to  be  a  most  distinct  addition  to  and  innovation  in  the  general 
production,  distribution,  and  economy  of  gas  manufacture. 

Whether  one  makes  coal-gas  or  water-gas,  however,  is  a  matter  of 
local  conditions.  In  either  case,  after  the  gas  is  made  the  succeeding 
steps  are  comparatively  uniform  and  well-determined,  and  almost  the 
same  in  every  gas-works  in  this  country. 

The  distribution  of  gas  for  years  and  years  has  been,  as  a  whole, 
upon  the  basis  of  an  extremely  low  pressure.  It  seems  strange  that 
gas  should  be  sent  out  at  only  ^  of  one  pound  of  steam  pressure,  and 
yet  that  is  probably  the  pressure  at  which  the  great  majority  of  gas 
companies  deliver  their  product.  Steam  is  handled  on  the  public 
streets  of  some  cities  at  100,  200,  and  300  pounds  pressure.  Water  is 
distributed  at  100  and  200  pounds  pressure.  Ammonia,  oil,  com- 
pressed air,  and  a  great  many  fluids  are  handled  in  public  places,  at, 
for  instance,  200  pounds  pressure.  We  sit  over  a  tank  of  Pin  tech 
gas  at  200  pounds  pressure  in  railroad  cars  and  do  not  have  acci- 
dents. Every  fluid,  practically,  excepting  artificial  gas,  is  delivered 
within  a  range  of  many  pounds.  Natural  gas  is  delivered  across 
country  and  in  streets  of  cities  at  several  pounds  pressure.  It  is 
exceedingly  strange  that  tradition,  and  habit,  and  the  fact  that  our 
grandfathers  did  it,  have  up  to  this  date  kept  gas  distribution  at  such 
a  really  strangely  low  pressure.  It  is  often  being  pushed  out  five  and 
more  miles  away  from  the  works  at  but  \  or  \  of  one  pound  pressure. 
Of  course,  the  direct  result  is  the  necessity  of  using  large-sized  pipes 
to  carry  the  volume  of  gas  and  deliver  it.  Some  little  time  ago  I 
fell  into  the  train  of  thought  of  wondering  why  one  could  not  dis- 
tribute artificial  gas  just  as  well  as  natural  gas  under  some  pounds 
pressure,  and  I  finally  became  well  satisfied  that  there  was  no  reason 
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why  one  could  not  use  pressure  instead  of  diameter  for  getting  the 
product  to  consumers.  The  Pintsch  people  use  illuminating  gas  under 
pressure,  and  have  done  so  for  many  years.  Some  six  months  or 
more  ago  I  was  so  situated  at  Phcenixville  that  I  desired  to  send  gas 
to  Royersford  and  Spring  City,  five  miles  above.  I  figured  that  it 
could  be  done  very  easily,  readily,  and  satisfactorily  by  pressure,  and 
it  resulted  in  my  laying  a  3-inch  pipe  line  from  Phcenixville  to  the 
town  named,  putting  in  a  compressor  and  pumping  the  gas  in  that 
fashion.  The  line  was  started  in  October,  and  finished  on  December 
29th.  From  that  time  until  now  it  has  been  working  satisfactorily, 
with  neither  trouble  nor  the  suggestion  of  trouble.  It  was  claimed 
by  skeptical  friends  that  the  machinery  would  break  down,  and  that 
the  pressure-reducing  regulators  would  not  work,  and  that  the  candle- 
power  in  the  gas  would  be  reduced ;  that  the  illuminants  would  be 
precipitated,  and  the  flame  would  be  so  impoverished  that  there  would 
be  great  loss  of  light.  I  felt  that,  with  only  a  moderate  degree  of 
compression,  there  would  be,  practically,  no  loss  of  candle-power  at 
the  end  of  the  line;  and  that  as  every  mine  in  the  country  to-day, 
practically,  has  an  air  compressor  or  compressing  machinery  of  the 
modern  type,  and  of  such  a  nature  that  it  is  not  liable  to  be  broken 
down,  that  there  was  no  risk  involved  in  using  that  machinery  any 
more  than  in  using  a  steam  engine.  The  regulating  mechanism  at  the 
far  end  of  the  line  is  an  appropriation  of  the  mechanism  used  in  natural 
gas  distribution  by  which  gas  has  been  sent  for  many  years  across 
the  country  under  pressure,  and  in  which  proper  and  reliable  regu- 
lators are  needed  at  the  terminals  and  in  the  houses  of  the  customers. 
I  put  in  an  8  x  12-inch  compressing  pump,  a  3-inch  pipe  line,  made 
some  few  provisions  against  possible  accidents,  started  the  line  up,  and 
it  has  not  ceased  to  operate  from  that  day  to  this.  It  is  serving  a 
town  five  miles  away  from  the  base,  and  has  been  doing  it  for  some 
months— doing  just  exactly  what  has  been  done  with  natural  gas  for 
years,  and  the  system  has  evinced  not  the  slightest  likelihood  of 
trouble,  no  tendency  to  break  down,  and  no  trouble  with  the  lighting 
power.  I  feel  that  with  the  successful  operation  for  four  months,  I 
have  practically  proved  that  gas  can  be  compressed,  pumped,  and 
delivered  at  a  distance  under  some  pounds  pressure  perfectly  satisfac- 
torily. The  result  is  that  the  investment  required  in  such  matters  is 
about  one-half  to  one-third  of  that  otherwise  necessary.     It  enables 
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consolidation,  and  reduction  of  expenses.  It  is  particularly  applicable 
to  new  companies  which  are  about  to  cover  scattered  districts.  Gas 
companies  are  not  like  electrical  companies.  It  costs  much  more  to 
run  a  pipe  than  it  does  to  run  a  wire.  Expense  in  delivering  gas 
around  a  large  city  is  very  heavy.  So  satisfied  am  I  that  high- 
pressure  gas-distribution  will  continually  work,  and  satisfactorily, 
that  certain  associates  and  myself  think  of  putting  in  a  third  line  of 
that  nature  (we  are  building  a  second  already  in  New  Jersey),  which 
will  have  upward  of  thirty  miles  of  pipe.  The  gas  will  be  conducted 
the  same  as  natural  gas,  to  every  household.  A  regulator  will  be  put 
in  every  cellar,  the  high  tension  cut  down,  and  the  gas  pass  through 
the  ordinary  meters.  We  will  use  6-inch  pipes  instead  of  16-inch, 
and  make  just  that  much  saving.  The  only  point  to  be  considered  is 
the  question  of  safety.  We  can  not  afford  to  let  high-pressure  gas  get 
past  the  meter  in  a  cellar.  With  that  point  covered,  however,  the 
mechanism  is  perfectly  satisfactory.  That  point  can  be  covered  by  a 
most  simple  device — a  seal  or  a  return  bend  of  pipe  leading  into  the 
atmosphere  from  the  basement  or  cellar  filled  with  oil  that  will  Dot 
freeze.  If  for  any  reason  the  regulator  goes  wrong,  or  the  high 
pressure  gets  by  the  regulator,  it  blows  the  oil  out  of  the  seal  and 
immediately  vents  itself  into  the  atmosphere,  and  does  not  reach  the 
consumer's  premises.  Such  being  the  case,  it  seems  to  me  the  last 
objection  is  removed  to  gas  under  high  pressure. 

DISCUSSION. 

Frederick  W.  Gordon. — Some  four  or  five  years  ago  the  Philadelphia 
Engineering  Works  of  this  city  built  and  erected  for  the  Louisville  Gas  Company, 
at  the  works  in  the  northern  end  of  that  city,  a  compressor  32  inches  in  diameter 
and  48-inch  stroke,  driven  by  an  extended  piston-rod  of  a  20-inch  and  48-inch 
Corliss  engine,  R.  P.  M.  60.  This  compressor  was  to  transfer  to  a  holder  in 
the  southern  end  of  the  city  the  gas  heretofore  manufactured  at  and  distributed 
from  that  point  The  main  was  10  inches  internal  diameter,  2.2  miles  long. 
The  piston-displacement  of  this  compressor  was  about  153,000  cubic  feet  per 
hour,  and  two  to  three  hours'  service  per  day  was  sufficient  for  the  requirements 
at  the  time  of  this  installation,  whereas  the  actual  gas  delivered  was  but  143,000 
cubic  feet  measured  by  the  supplying  holder,  the  loss  being  accounted  for  by  the 
inefficiency  of  the  suction  main  and  the  compressor.  The  exact  measure  of  the 
gas  being  known  from  careful  observation  of  the  fall  of  the  holders,  the  resist- 
ance of  the  2.2  miles  of  the  10-inch  main  connecting  the  two  holders  could  be 
accurately  determined.      That  it  nearly  agreed  with  observations  made  in  the 


Digitized  by  CjOOQIC 


SheUon — Modern  Methods  of  Manufacturing  Oas.  181 

natural  gas  fields  of  Ohio  and  Indiana,  corrected  by  the  specific  gravities  of  each 
gas,  is  a  valuable  datum  for  future  engineering  purposes.  Taking  the  initial  and 
terminal  pressures  and  the  coefficient  of  friction  observed  in  the  natural  gas 
fields,  this  10-inch  main,  if  straight,  should  have  discharged  140,000  cubic  feet, 
whereas  it  actually  did  deliver  143,000.  The  observations  in  the  natural  gas  field 
were  taken  from  pipes  under  various  initial  and  terminal  pressures  and  diameters, 
and  up  to  fifty  miles  in  length,  and  that  the  coefficient  of  friction  applying  to  such 
duty  should  apply  to  the  light  duty  at  Louisville  is  good  confirmation  of  its  cor- 
rectness. This  method  of  calculating  resistance  is  applicable  to  the  transmission 
of  compressed  air  under  high  and  low  pressures,  and  for  long  distances. 

W.  Fobstall. — I  have  not  very  much  to  say,  but  would  like  to  touch  on  a 
point  or  two  where  Mr.  Shelton  may  have  given  the  impression  that  there  was 
only  one  side  to  the  subject  He  advocated  cement  joints  as  superior  to  lead 
ones.  Certainly  a  line  if  well  laid  with  cement  joints  will  be  tighter  than  where 
lead  is  used,  and  as  the  cement  joint  is  even  stronger  than  the  rest  of  the  pipe, 
any  strain  on  the  line  is  apt  to  cause  a  break  in  the  iron  itself,  and  therefore  one 
big  leak  instead  of  a  number  of  small  ones  at  the  joints,  as  is  usually  the  case 
where  lead  is  used.  In  our  Philadelphia  practice,  we  are  afraid  of  the  conse- 
quences that  might  ensue  from  the  one  big  leak  in  the  crowded  business  or 
residence  districts,  where  the  various  electrical  conduits  offer  ready  means  for 
explosive  mixtures  of  gas  and  air,  and  therefore  we  use  lead  everywhere  except 
in  the  suburbs,  portions  of  Manayunk,  German  town,  and  West  Philadelphia. 
Here  we  prefer  cement,  because  of  its  cheapness  and  less  liability  to  leak,  and  in 
case  of  a  break  the  escaping  gas  soon  makes  its  way  to  the  surface,  there  being 
no  conduits  to  spread  it  underground.  We  do  not,  as  is  sometimes  the  practice 
elsewhere,  put  in  an  occasional  lead  joint  among  the  cement  ones  to  allow  for 
expansion. 

Mr.  Shelton  has  expressed  surprise  that  gas  should  be  distributed  at  so  much 
less  pressure  than  water  or  steam.  I  should  say  the  answer  is,  that  in  consider- 
ing the  size  of  any  conduit  to  be  laid  under  the  conditions  that  now  obtain  in  city 
streets,  if  cast-iron  is  taken  there  is  a  certain  minimum  size  that  must  be  used, 
because  of  strength  requirements  against  external  strains,  without  reference  to 
capacity.  This  size  we  consider  should  be  four  inches  or  even  six  inches,  where 
conditions  are  very  severe.  These  sizes  enable  sufficient  gas  to  be  distributed  for 
city  needs  at  very  low  pressure,  whereas  this  is  not  the  case  with  water  or  steam. 
The  objections,  from  our  standpoint,  to  following  Mr.  Shel ton's  advice  to  use 
wrought-iron  pipe  at  high  pressure,  are,  that  under  city  conditions,  where  services 
are  very  numerous,  the  cost  of  special  service  connections  and  of  house 
governors  would  be  more  than  the  amount  saved  in  pipe — on  service  mains,  at 
least,  and  that,  taking  systems  of  distributing  mains  as  they  are  at  present,  the 
cost  of  changing  over  would  be  out  of  all  proportion  to  the  advantages  gained, 
especially  as  the  life  of  wrought-iron  underground  is  a  question  of  some  doubt 

Where  Mr.  Shelton  has  used  wrought-iron  pipe  under  high  pressure  seems  a 
very  promising  field,  and  undoubtedly  others  will  follow  his  lead  where  similar 
conditions  obtain. 
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When  Mr.  Shelton  is  in  a  position  to  measure  by  bar  photometers  the  candle- 
power  of  his  gas  before  and  after  compression  we  shall  have  exact  knowledge  of 
what  loss  it  suffers. 

The  President.  — Some  months  ago  the  first  reference  to  this  new  system  came 
to  my  attention  in  an  article  in  which  the  possibilities  for  improvement  by  other 
means  were  referred  to — e.  g.  the  substitution  of  terra  cotta  for  cast-iron  pipes, 
without  departing  from  the  present  low  pressures.  I  would  like  to  hear  Mr. 
Shelton's  views  of  this  scheme. 

Mr.  Shelton. — Without  rendering  any  account  of  the  actual  use  of  terra  cotta 
pipe,  I  may  say  that  one  of  the  gas  associations,  about  a  year  ago  (when  the 
price  of  cast-iron  pipe  was  making  our  hands  go  up  in  the  air),  suggested  the 
use  of  a  terra  cotta  pipe  with  cement  joints,  as  made  with  cast-iron  pipe.  This 
would,  undoubtedly,  be  a  strong,  lasting,  and  cheap  gas  conductor,  but  no  one  as 
yet  has  seemed  to  have  the  courage  to  undertake  the  actual  use  of  it  Terra 
cotta  pipe  is  very  strong,  being  usually  almost  an  inch  thick,  and  often  requires 
a  sledge  hammer  to  crack  it ;  as  far  as  strength  is  concerned,  generally  speaking, 
it  would  be  ample.  Personally,  I  would  be  inclined  to  be  mistrustful  of  its  span- 
ning strength  if  long  mains  of  it  were  exposed — by  parallel  sewer  excavations, 
for  example.  I  should  be  inclined  to  think  it  would  be  "  brittle,"  and  that  hav- 
ing so  many  joints  would  give  trouble.  I  would  like  to  comment,  to  a  small  ex- 
tent, on  the  thoughts  of  my  good  friend,  Mr.  Forstall.  I  believe  the  time  will 
come  when  high  pressure  will  be  used  in  our  most  crowded  streets,  although,  of 
course,  I  do  not  expect  that  to  be  accepted  now;  I  think  Mr.  Forstall  well 
reflects  the  traditions  and  the  reasons  why  it  is  not  yet  so  used.  The  question  of 
making  the  joints  of  service  connections  is  not  giving  the  slightest  difficulty. 
The  wrought-iron  pipe  is  thin,  it  is  true,  but  by  the  use  of  a  saddle  one  gets  just 
as  much  strength  as  is  wished.  Natural-gas  engineers,  of  the  better  class,  doing 
that  work,  use  saddles  right  along,  and  do  not  have  the  slightest  uncertainty  in 
making  tight  service  connections.  In  regard  to  the  use  of  wrought-iron  pipes  at 
large,  I  may  say  that  within  a  week,  on  the  recent  trip  that  compelled  making 
this  an  extemporaneous  address,  and  not  a  carefully  written  article,  the  chief 
engineer  of  the  Pittsburg  Consolidated  Companies  told  me  he  would  never  lay 
another  foot  of  cast-iron  pipe  in  the  streets  of  Pittsburg  for  natural  gas.  He 
had  laid  wrought-iron  pipes  years  ago,  and  to  his  surprise  and  gratification  they 
are  lasting  far  better,  even  in  bad  ground,  in  Pittsburg  than  expected.  The 
pipes  have  been  there  now  from  ten  to  fifteen  years,  and  have  not  begun  to  give 
out,  and  are  not  within  reach  of  doing  so.  I  believe  such  evidence  as  that,  under 
such  conditions,  given  by  a  man  qualified  to  speak,  is  a  very  strong  indorsement 
of  the  use  of  wrought-iron  pipe  in  the  manner  noted.  Of  course,  installation 
expense  is  increased  by  reason  of  the  regulator  necessary  to  put  in  the  house,  but 
that  is  only  perhaps  $3.  But  by  the  use  of  twenty  pounds  pressure  instead  of 
one-half  pound  or  less,  one  can  get  from  ten  to  fifteen  times  the  capacity  with 
the  present  mains,  and  that  increased  capacity  far  overbalances  and  predominates, 
in  my  judgment 

L.  Y.  Schermerhorn. — How  niuch  gas  can  you  send  in  one  hour  through  a 
3-inch  pipe  under  twenty  pounds  pressure  ? 
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Mb.  Shklton.-— At  Phoanixville  we  deliver  about  4000  to  6000  feet  an  hour. 

Mr.  Schermbrhorn.— What  would  be  the  maximum? 

Mr.  Shelton. — One  hundred  thousand  feet  per  day,  with  the  compressor 
running  at  75  per  cent,  of  its  speed. 

Francis  Schumann.— What  would  the  loss  be? 

Mr.  Shelton. -—Practically  none  at  all.  I  would  like  to  ask  at  what  pressure 
the  gas  in  Louisville  was  delivered,  from  one  end  of  the  town  to  the  other?  I 
have  tried  very  hard  to  find  some  precedent  for  pumping  gas  at  high  pressure.  I 
did  not  know  of  the  Louisville  instance. 

Mr.  Gordon. — It  started  at  about  five  and  one-half  pounds,  and  was  delivered 
at  almost  atmospheric  pressure,  or,  rather,  ordinary  gas-holder  pressure.  They 
used  a  piston  compressor  with  double  stroke.  The  compressor  cylinder  was  32 
inches  in  diameter,  48-inch  stroke.  It  has  been  used  now  for  four  years,  as  far 
as  I  know.  It  is  quite  a  large  installation.  A  Corliss  engine,  20  inches  in  diam- 
eter, drove  the  compressor  tandem  to  it  at  60  R.  P.  M.  The  purpose  was  to 
stop  the  use  of  the  lower  works  and  concentrate  all  the  manufacturing  at  the 
northern  works,  and  deliver  gas  to  the  other  end  for  distribution  from  the  Port- 
land holder. 

Mr.  Shelton. — We  must  have  pressure,  and  it  is  the  very  crowded  condition 
of  the  city  streets  that  will  bring  us  to  pressure  and  enable  and  compel  us  to  use 
a  six-inch  pipe  instead  of  the  twenty-inch  of  to-day,  that  is  delivering  gas  under 
only  the  ordinary  pressures  of  one-tenth  of  one  pound  to  one-fourth  of  one  pound. 
Nearly  every  other  commercial  fluid  is  being  distributed  at  from  200  to  500  pounds 
pressure,  and  wrought-iron  pipes  are  used.  The  fittings  last,  and  the  appliances 
last  and  are  standardized.  They  are  sufficiently  developed.  It  is  done  with  other 
fluids ;  it  is  done  with  natural  gas  ;  why  can  not  it  be  done  with  illuminating  gas 
just  as  well  ?  I  can  not  get  away  from  thinking  that  it  is  chiefly  tradition  that  is 
keeping  illuminating  gas  companies  to-day  to  this  very  low  pressure — against  their 
own  interests  when  considered  from  the  standpoint  of  the  very  heavy  investment 
they  are  using  and  think  necessary  to  use.  A  6-inch  pipe  will  do  the  work  of  a 
16-  or  20-inch  pipe.  Gas  loses  in  quality  practically  nothing  by  moderate 
compression,  and  there  are  no  especial  mechanical  difficulties.  The  plan  is 
working  perfectly  satisfactorily  at  Phoenixville,  and  there  is  not  the  sug- 
gestion of  trouble.  If  it  will  run  four  months  it  will  run  four  years ;  if  it 
will  run  four  years,  it  will  run  forty  years ;  if  from  one  town  to  another,  it  will 
run  from  one  county  to  another.  I  have  never  been  so  convinced  in  any  new 
line  of  thought  as  in  this,  that  the  results  will  be  exactly  in  practice  what  they 
figure  to  be  in  theory. 

Mr.  Schermbrhorn. — I  note  that  Mr.  Shelton  states  that  under  a  pressure  of 
twenty  pounds  per  square  inch,  about  5000  cubic  feet  of  gas  per  hour  were  dis- 
charged through  the  3-inch  pipe  referred  to.  This  would  be  equal  to  1.4 
cubic  feet  per  second,  which,  divided  by  the  cross-section  of  the  3-inch  pipe, 
would  give  a  velocity  of  gas  through  the  pipe  of  about  twenty-eight  feet  per 
second  ;  or  at  the  rate  of  nearly  twenty  miles  per  hour. 

Mr.  Gordon. — What  was  the  terminal  pressure  of  the  gas? 
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Mr.  Shelton. — Ten  per  cent  less,  with  a  range  of  fifteen  pounds  starting 
pressure  ;  about  two  pounds  less  pressure  at  the  far  end.  We  had  instantaneous 
communication  by  telephone  at  each  end  of  the  line.  With  twenty  pounds  pres- 
sure at  the  start  we  get  seventeen  to  eighteen  pounds  pressure  at  the  far  end. 
We  can  tell  by  the  eye  the  quality  of  the  gas.  Upon  looking  at  the  same  gas  at 
each  end  one  can  not  tell  the  difference  or  observe  any  loss  of  illuminating  power. 
It  is  sufficient  for  all  commercial  purposes.  Just  as  many  dollars  will  be  taken  in 
in  the  course  of  a  week  with  the  quality  at  the  far  end  as  at  the  starting  point. 

Mb.  Schermerhorn. — Was  any  special  joint  used  other  than  the  ordinary 
joint  which  belongs  with  wrought-iron  pipe  of  that  size  ? 

Mr.  Shelton. — We  used  what  is  known  as  "line  pipe,"  used  in  the  oil 
country  for  transporting  oil.  It  has  double  taper  sockets  instead  of  the  ordinary, 
and  a  rather  fine  thread.  Doubtless  some  of  those  present  know  exactly  what  it 
is.    It  is  a  little  better  than  the  ordinary  pipe. 

The  President. — Have  not  accurate  determinations  been  made  as  to  the  loss 
of  candle-power  at  increased  pressures  ?  The  matter  seems  to  be  such  an  im- 
portant one  that  I  should  think  it  is  well  determined. 

Mr.  Shelton.— It  may  be.  I  think  the  Pintsch  companies  have  quite  clearly 
shown  the  loss  in  candle-power.  Pintsch  companies,  operating  so  many  stations 
for  serving  railroad  cars,  usually  put  in  their  plants  for  making  oil  gas,  because 
they  have  to  have  a  great  amount  of  illuminant  in  a  very  small  compass  to  run 
cars  from  forty-eight  to  sixty  hours.  Oil  gas,  being  so  rich,  is  particularly  good 
for  that  purpose,  and  is  usually  used.  In  addition  to  that,  they  have  found  that 
oil  gas  stands  compression  better  than  any  other  gas,  but  there  are  places  where 
they  have  not  seen  fit  to  put  in  their  own  works,  and  have  used  city  gas  and  com- 
pressed it ;  and  when  they  compress  city  gas  to  250  or  300  pounds  pressure  they 
find  there  is  a  loss  of  something  like  20  to  33$  per  cent  in  candle-power.  The 
compression  u  knocks  out "  the  illuminant  in  city  gas,  and  until  there  is  no  more 
than  two-thirds  of  the  original  candle-power  left.  Starting  with,  say,  twenty-four- 
candle  gas,  we  may  get  perhaps  sixteen  after  compression.  City  gas  can  not  be 
compressed  without  heavy  loss,  and  it  follows  that  city  gas  can  not  be  compressed 
to  two  hundred  pounds  per  inch  or  more  ;  but  my  thought  was  that  compressing 
it  to  only  one-tenth  of  that  (that  is,  from  ten  to  twenty  pounds  instead  of  300) 
the  practical  loss  in  candle-power  would  be  only  one  candle,  or  half  a  candle,  or 
not  serious ;  and  the  result  of  my  work  so  far  bears  out  that  idea ;  other 
evidence  indicates  that  compression  up  to  fifty  or  sixty  pounds  makes  no  special 
difference.  It  enables  us  to  reach  a  range  far  beyond  the  present  range  of  pres- 
sures used  with  artificial  gas  without  serious  loss  in  candle-power. 
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THE  PUMPING-ENGINES  IN  THE  CITY  OF  PHILADELPHIA. 

HENRY  Q.   MORRIS. 

Read  June  t,  1900. 

Philadelphia  enjoys  the  distinction  of  using  a  greater  number 
of  gallons  of  water  per  capita,  and  having  a  larger  number  of  pump- 
ing-stations  equipped  with  a  greater  variety  of  pumping  apparatus, 
than  any.  other  city  in  the  world,  and  from  these  facts  it  might  be 
inferred  that  we  should  find  at  these  pumping-stations  the  most 
approved  and  efficient  types  of  pumping-engines. 

The  following  historical  resume  has  been  prepared,  giving  the  dates 
of  installation  of  the  various  pumping  plants : 

1797.  Petition  to  Councils  for  water-supply. 

1799-1801.  Center  Square  works  built.  Water  pumped  by  steam  engine  from 
Schuylkill  River  at  foot  of  Chestnut  street  to  engine  at  Broad  and  Chestnut 
streets,  which  raised  it  to  tank.  Wooden  boilers  used  at  Center  Square 
replaced  by  cast-iron  one  in  1804.    Works  designed  by  B.  H.  Latrobe. 

1804.  Cast-iron  water-pipe  first  laid  in  city. 

1812.  Steam  works  at  Fairmount  commenced. 

1815.  Fairmount  works  started  and  Center  Square  works  abandoned. 

1819.  Fairmount  dam  started ;  1821,  finished. 

1822.  First  breast  wheel  started  pumping.  (Double-acting  force-pumps,  16 
inches  in  diameter.) 

1822.  Steam  pumping  abandoned. 

1843.  Breast  wheels  Nos.  7  and  8  started  pumping. 

1844.  Schuylkill  works  (Spring  Garden)  went  into  operation.  Steam  engines  by 
Merrick  &  Towne  and  L  P.  Morris  &  Co. 

1845  (?).  Kensington  works  built  at  foot  of  Wood  (Otis)  Street 
1851.  First  turbine  wheel  started  at  Fairmount. 
1855.  Twenty-fourth  Ward  works  went  into  operation. 
1866.  Germantown  works  (built  in  1851)  bought  by  city. 

1869.  Roxborough  works  went  into  operation  (April  5th). 
1869-1871.  New  turbines  put  in  at  Fairmount. 

1870.  September  19th,  Belmont  works  started  with  Worthington  duplex  engine 
(No.  1),  and  the  Twenty-fourth  Ward  works  abandoned. 

1871.  July  18th,  No.  2  Worthington  engine  started  at  Belmont. 

1871.  October  25th,  6,000,000-gallon  Worthington  engine  started  at  Kensing- 
ton works. 
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1872.  Simpson  compound-rotative  (No.  6),  built  by  Heniy  G.  Morris,  started  to 

pump  at  Spring  Garden  station. 
1872.  August  1st,  Worthington  (No.  2)  at  Roxborough  started. 

1872.  German  town  works  abandoned  by  the  city. 

1873.  Chestnut  Hill  works  bought  by  the  city. 

1876.  Twenty-million-gallon  marine  compound  rotative,  by  William  Cramp  & 
Sons'  Ship  and  Engine  Building  Company,  put  in  at  Spring  Garden  (No.  7). 

1877.  December  1st,  Lardner's  Point,  Frankford  station,  went  into  operation, 
with  10,000,000-gallon  marine  engine,  by  William  Cramp  &  Sons'  Ship  and 
Engine  Building  Company. 

1883.  Last  breast  wheel  with  pumps  removed  from  Fairmount 

1887.  September  28th,  20,000,000-gallon  Gaskill  engine  by  Holly  Manufacturing 

Company  started  at  Spring  Garden. 
1890.  Kensington  works  abandoned. 

1892.  June  15th,  20,000,000-gallon  engine,  by  Southwark  Foundry  and  Machine 
Company,  started  at  Spring  Garden. 

1893.  April  24th,  12,000,000-gallon  engine,  by  Southwark  Foundry  and  Machine 
Company,  started  at  Roxborough  station. 

1894.  Queen  Lane  station  begun.  Engines  built  by  Southwark  Foundry  and 
Machine  Company. 

1894.  Fifteen-million-gallon  engine  put  in  by  Southwark  Foundry  and  Machine 
Company  at  Frankford.    (Not  accepted  until  1897.) 

1894.  December  1st,  30,000,000-gallon  Holly  engine,  put  in  by  Holly  Manufac- 
turing Company  at  Spring  Garden,  started. 

1894.  Five-million-gallon  Worthington  engine  from  old  Kensington  works  put  in 
at  Roxborough  auxiliary  station,  and  started  May  17th. 

1895.  February  11th,  30,000,000-gallon  engine,  put  in  by  Holly  Manufacturing 
Company,  at  Spring  Garden,  started. 

1895.  Belmont  auxiliary  station  went  into  operation  with  a  2,000,000-gallon 
Worthington  engine  (June  27th). 

The  purpose  of  this  paper  is  to  give  a  brief  description  of  the 
different  styles  and  types  of  pumping-engines  that  have  been  and 
now  are  in  use  at  the  various  stations,  commencing  with  those  which 
were  constructed  subsequently  to  the  time  when  the  supply  obtained 
from  the  Fairmount  water  power  became  inadequate  to  supply  the 
wants  of  the  city. 

At  that  time,  the  choice  of  steam-driven  pumps  was  confined  to 
either  the  horizontal,  long-stroke  pump,  with  an  engine  attached,  or 
to  the  Cornish  beam  or  "  Bull "  engine,  examples  of  all  of  which  were 
in  use,  but  have  since  been  displaced  by  more  modern  types. 

Aside  from  the  side- lever  Cornish  engine,  designed  by  the  late  Fred- 
erick Graff,  which  was  removed  from  the  Spring  Garden  station  in 
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1883,  the  types  to  which  reference  will  be  made  come  under  the  two 
general  heads  of  "  direct-acting  "  and  "  rotative/'  The  former  is  rep- 
resented by  the  "  Worthington  "  engine  in  its  forms  of  "  compound  " 
and  "compound  high-duty."  The  rotative  type  presents  a  greater 
variety  of  forms,  such  as  the  "  Simpson,"  having  overhead  beam  and 
fly-wheel,  the  "  Gaskill  horizontal  compound-duplex,"  having  a  short 
beam  between  the  cylinders,  connected  by  quarter-cranks  to  a  fly- 
wheel, mounted  on  the  pump-cylinders,  which  appears  to  be  an 
attempt  to  bring  the  space  occupied  by  the  engine  to  an  approxima- 
tion of  that  required  by  the  "  Worthington  "  engines. 

About  the  time  that  the  compound  inverted  cylinder  marine  engine 
was  being  generally  introduced,  it  was  thought  desirable  to  adapt  that 
type  of  engine  to  pumping  water,  and  we  find  an  example  of  this  form 
at  the  Spring  Garden  station,  known  as  the  "  Cramp  engines/'  having 
short  beams  and  connecting-rods  to  quarter-cranks  and  fly-wheel,  the 
pumps  being  directly  below  the  steam  cylinders. 

Another  style  of  rotative  engine  at  the  same  station  is  the  duplex 
compound  "Southwark,"  having  bell  crank-beams,  fly-wheel,  and 
horizontal  pumps. 

A  third  style  of  rotative  pump  at  the  same  station  is  the  "  Holly 
triple  expansion,"  which  does  not  differ  from  the  other  marine  type 
except  that  two  fly-wheels  are  placed  between  first  and  second  and 
second  and  third  cylinders. 

At  the  Frankford  station  we  find  another  engine  of  the  marine  type, 
built  by  the  William  Cramp  &  Sons  Company,  and  also  a  horizontal 
cross-compound  Corliss  engine,  with  pumps  attached  to  tail  end  of 
piston-rods,  and  a  Southwark  compound  quarter-crank  rotative  engine. 

At  the  Queen  Lane  puraping-station  are  four  vertical  triple-expan- 
sion rotative  engines  of  a  total  capacity  of  80,000,000  gallons  in 
twenty-four  hours,  which  present  an  imposing  appearance. 

At  the  Belmont  station  are  located  three  Worthington  compound 
low-duty  engines,  and  one  Worthington  compound  high-duty  engine, 
having  an  aggregate  capacity  of  38,000,000  gallons  per  day. 

There  is  one  other  pumping-engine  in  service  at  the  Roxborough 
station  (Shawmont),  which  should  be  considered  as  a  distinct  type, 
although  it  might  be  classed  among  the  direct-acting  dod  rotative 
engines.  Thisis'the  "  d'Auria  pumping-engine,"  which  is  of  2,500,000- 
gallon  capacity  against  the  same  pressure  as  the  other  pumps  at  this 
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station,  but  is  noticeable  from  the  fact  that,  although  of  only  18-inch 
stroke,  it  easily  and  quietly  maintains  an  equal  piston  speed  per 
minute  as  rotative  pumps  of  very  much  longer  stroke,  and  this  not- 
withstanding the  fact  that  it  has  no  foundation,  and  is  not  even  bolted 
to  the  floor. 

We  have,  then,  three  distinct  types  of  engines,  with  quite  numerous 
modifications  of  the  rotative  ones,  and  the  characteristics  of  these 
three  types  of  pumping-engines,  to  wit:  the  direct-acting  or  Worth- 
ington  type,  the  crank-and-fly-wheel  type,  and  the  d'Auria  nonrota- 
tive  type  can  be  succinctly  put  down  as  follows:  In  the  Worthington 
type,  whether  simple,  compound,  with  or  without  cut-off  valves,  the 
resultant  force  derived  from  the  steam  and  upon  the  water  end  must 
remain  practically  uniform  from  the  beginning  to  the  end  of  the 
stroke.  This  condition  necessarily  impedes  the  fre^  exercise  of  the 
skill  of  the  engineer  in  designing  the  steam  end  of  the  Worthington 
pump.  In  other  words,  he  can  not  adjust  the  point  of  cut-off  or  ex- 
pansion in  the  very  best  manner  to  obtain  the  highest  results  of  steam 
economy.  Of  course,  in  the  simple  type,  it  is  well  known,  steam  is 
taken  from  one  end  to  the  other  of  the  stroke,  without  cut-off,  at  a 
uniform  pressure.  In  the  compound,  low-duty  engine  no  cut-off  is 
used  on  either  cylinder,  and  the  receiver  space  and  exhaust  are  so  pro- 
portioned and  contracted  as  to  produce  a  resultant  combined  diagram 
which  is  practically  a  rectangle.  In  the  high-duty  Worthington 
pump  this  same  result  must  be  secured  while  cutting  off  steam  in  the 
high-  and  low-pressure  cylinders  at  special  points  of  the  stroke,  so 
that  the  resultant  of  the  effect  in  the  high-  and  the  low-  combined  with 
the  action  of  the  high-duty  attachment  so-called,  will  produce  a 
resultant  force  uniform  from  the  beginning  to  the  end  of  the  stroke. 
In  the  Worthington  type  of  engine,  of  course,  with  a  uniform  piston 
speed,  this  speed  must  necessarily  be  kept  comparatively  low. 

In  the  crank-and-fly-wheel  type  the  distribution  of  steam  is  per- 
fectly untrammeled — that  is,  the  engineer  can  use  his  best  skill  and 
judgment  in  fixing  point  of  cut-off,  expansion,  ratio  of  cylinders,  etc., 
to  secure  the  highest  economy  of  steam  ;  and  with  this  type  the  piston 
speed  is  considerably  higher  than  in  the  previous  type  of  engine,  but 
it  may  be  stated  roughly  that  the  weight  of  engine  per  horse-power  in 
the  crank-  and  fly-wheel  engine  is  about  three  times  as  large  as  in  a 
Worthington  engine. 
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In  the  d*  Auria  type  the  designing  engineer  has  the  same  freedom  in 
designing  the  steam  end  as  in  the  crank-and -fly- wheel  pumping 
engine,  so  that  as  a  matter  of  steam  economy  these  two  types  of 
engines  are  on  the  same  basis,  but  the  speed  of  the  d'Auria  engine, 
owing  to  its  peculiarity  of  action — very  similar  to  that  of  a  pendulum 
— is  much  higher  than  in  a  crank-and-fly-wheel  engine.  The  engine 
itself  is  absolutely  self-contained,  and  free  from  shocks  and  concussions. 
Its  hydraulic  compensator  makes  this  engine  much  easier  to  run,  and 
gives  it  much  greater  safety  than  a  Worthington  pump.  The  two 
sides,  while  working  like  the  two  sides  of  a  crank-and-fly-wheel 
pumping-engine  with  cranks  at  right  angles,  are  at  the  same  time  free 
to  adjust  themselves  to  the  condition  of  minimum  combined  effort 
npon  the  water  end,  so  that  a  perfectly  uniform  pressure  can  be 
maintained  upon  the  pump  at  a  very  high  reciprocating  speed.  In 
other  words,  the  two  sides  work  as  if  they  were  linked  together  with 
cranks  at  right  angles,  keyed  upon  a  common  shaft,  possessing  a  very 
high  degree  of  torsional  elasticity,  the  angles  between  the  cranks  de- 
viating from  90  degrees  in  one  direction  and  the  other  in  one  revolu- 
tion, to  which  elastic  action  the  uniformity  of  discharge  is  due.  One 
of  the  most  essential  features  of  the  d'Auria  pumping-engine  is  that 
its  weight  per  horse-power  is  about  one-third  of  that  of  a  Worthington 
pumping-engine,  and  therefore  about  one-ninth  of  that  of  a  crank- 
and-fly-wheel  pumping-engine.  This  reduction  of  weight,  with 
freedom  to  obtain  very  high  economy  of  steam,  makes  it  possible  to 
produce  a  high-duty  d'Auria  pumping-engine  at  a  considerably  less 
cost  than  any  other  type  of  high-duty  pumping-engine  without  imply- 
ing cheapness  of  design,  workmanship,  or  material  employed  in  its 
construction. 

DISCUSSION. 

L.  d'Auria. — In  the  d'Auria  engine  there  is  placed  between  the  steam  end 
and  the  water  end  what  is  known  as  the  d'Auria  compensator,  which  is  a  cylin- 
der terminated  by  two  enlarged  chambers  which  are  joined  by  a  loop  of  pipe, 
designed  to  form  a  very  rigid  bed-plate.  The  steam-piston,  the  pump-plunger, 
and  the  plnnger  in  the  compensator  are  all  fixed  upon  the  same  piston-rod.  The 
hydraulic  compensator  is  full  of  water,  and  is  kept  so  by  a  feed  which  automat- 
ically compensates  for  leakage  through  the  stuffing  boxes.  Thus  the  mass  of 
water  always  fills  the  compensator  and  pipe.  The  function  of  this  compensator 
is  much  like  that  of  a  balance-wheel  of  a  watch,  and  if  we  had  a  compensator 
pipe  of  glass  and  the  liquid  colored,  a  to-and-fro  motion  of  the  water  would  be 
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seen  when  the  engine  is  operating.  To  make  the  analogy  more  positive,  suppose 
that  this  loop  of  pipe  were  thrown  into  the  shape  of  a  circle,  and  all  this  part 
of  the  engine  covered  except  the  ring  ;  then,  only  a  liquid  balance-wheel  would 
be  seen,  oscillating  while  the  engine  is  moving.  By  means  of  this  liquid  balance- 
wheel  it  becomes  possible  to  start  the  engine  with  a  very  high  initial  pressure. 
The  steam  can  be  cut  off  at  one-third  or  one-fourth  stroke  in  the  high-pressure 
cylinder,  then  expanded  in  the  low-pressure  cylinder,  and  cut  off  again  at  any 
point  of  the  stroke  desired  to  secure  economy.  The  main  admission  valves  are 
connected  by  a  stem,  and  on  top  there  are  the  cut-off  valves.  This  is  the  first 
compound  engine  the  company  has  made.  Steam  is  cut  off  on  both  the  high- 
and  low-pressure  cylinders  without  any  restriction.  Several  other  engines  were 
built  before  this  without  compounding,  but  cutting  off  steam  in  the  one  cylinder 
only,  at  various  points  of  the  stroke,  and  they  have  given  remarkable  results  both 
as  to  smoothness  of  action  and  economy.  No  other  pumping  engine,  not  com- 
pound, can  use  steam  expansively  by  cutting  off,  without  having  a  fly-wheel. 
The  d' Auria  pumping-engine  is  the  first  one  capable  of  using  steam  expansively 
in  one  cylinder  to  any  desired  degree  without  the  use  of  a  fly-wheel.  Some  peo- 
ple imagine  that  the  d' Auria  engine  has  its  fly-wheel  in  the  compensator,  but  I 
want  to  call  your  attention  to  the  fact  that  there  is  a  material  difference  between 
the  ordinary  fly-wheel  of  pumping-engines  and  the  hydraulic  compensator  of  the 
d*  Auria  engine.  In  the  latter  case,  if  I  were  to  change  the  size  or  the  length 
of  the  pipe — suppose,  for  example,  I  should  move  the  bend  closer,  so  as  to  shorten 
the  pipe — it  would  increase  the  speed  of  that  engine  quite  considerably ;  and  if  I 
were  to  lengthen  that  pipe  by  adding  another  section  to  it,  the  engine  would  slow 
up  very  considerably.  This  is  exactly  what  takes  place  in  a  watch,  if  the  dimen- 
sions or  weight  of  the  balance* wheel  are  changed.  I  recall  that  a  good  may  years 
ago  a  young  man  in  a  class  I  taught  at  the  School  of  Application  of  the  Royal  • 
University  of  Naples  put  this  question  to  me  :  "  Suppose,  after  having  built  an 
engine  and  having  put  on  it  a  certain  size  fly-wheel,  I  would  put  another  fly- 
wheel on  its  shaft,  what  would  happen  to  the  speed  of  that  engine?  "  It  made 
me  think.  The  problem  had  never  come  to  my  notice  before,  nor  had  I  found 
anything  in  books  at  that  time.  I  said  that  I  could  not  answer  it — that  I  would 
look  into  the  problem  first.  At  the  next  lecture  I  brought  out  a  demonstration 
showing  that  the  additional  weight  of  the  fly-wheel  would  not  change  the  speed 
of  the  engine  at  all,  but  would  only  bring  the  maximum  and  minimum  speed  in 
one  revolution  closer  together.  You  see,  therefore,  the  difference  between  the 
action  of  a  fly-wheel  and  that  of  the  water  in  my  compensator.  In  this  latter 
case  the  increased  weight  affects  the  speed  materially,  and  we  can  calculate 
exactly  how  much.  With  the  fly-wheel  we  can  increase  the  size  or  weight  to  any 
extent  (the  friction  remaining  the  same)  and  yet  the  mean  speed  of  rotation 
would  remain  the  same.  The  only  effect  would  be  on  the  uniformity  of  motion 
of  the  fly-wheel. 

There  is  another  thing  worth  considering  in  the  d' Auria  engine,  and  that  is 
that  all  the  events  which  occur  in  it  take  place  in  the  period  of  one  stroke.  With 
the  fly-wheel  engine  it  is  necessary  to  work  up  to  a  certain  regimen,  which  takes 
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a  certain  number  of  revolutions  to  reach.  This  is  a  very  important  thing  under 
certain  conditions  of  pumping.  Another  important  point  about  the  d*  Auria  en- 
gine is  that,  although  of  the  direct-acting  duplex  type,  there  is  no  lost  motion  in 
any  of  the  valves  or  joints  which  is  found  in  such  type  of  engine.  The  result, 
then,  in  the  dT  Auria  engine,  is  that  the  two  sides  work  with  respect  to  one  an- 
other as  if  they  were  connected  by  a  shaft  with  cranks  at  right  angles,  and  there- 
fore the  long  pause  at  the  end  of  the  stroke,  which  exists  in  ordinary  types  of 
duplex  direct-acting  pum ping-engines,  is  absent  in  the  d'  Auria  pum ping-engine, 
although  by  careful  observation  a  short  .pause  at  the  end  of  the  stroke  can  be  ob- 
served. You  have  already  heard  Mr.  Morris  speak  about  the  elasticity  of  motion 
in  the  d' Auria  pum  ping-engine.  With  cranks  at  right  angles  rigidly  connected, 
one  piston  is  bound  to  follow  the  other  in  accordance  with  a  fixed  law.  In  the 
d'  Auria  engine  the  imaginary  cranks  and  shaft  connecting  the  two  sides  are 
elastic.  Thus,  while  the  two  sides  are  working  together,  the  angle  between  the 
imaginary  cranks  is  deviating  one  way  and  the  other  from  the  90  degrees,  and 
the  combined  action  is  governed  by  the  law  of  least  variation  of  pressure  upon 
the  water  end.  I  regret  I  can  not  show  you  some  indicator  cards  which  were 
taken  from  this  machine.  Mr.  Morris  said,  when  he  saw  them,  that  I  had  a 
good  draughtsman  draw  them.  They  are  certainly  perfect  I  do  not  know 
where  I  have  seen  their  equal.  As  to  the  economy,  I  have  said  this  is  the  first 
compound  engine  the  company  has  made.  There  has  been  no  experiment  before 
this  engine.  It  is  the  first  one  built  Of  course,  there  has  been  a  good  deal  that 
has  been  simplified.  In  the  present  design  plain  slide  valves  were  put  in.  These 
are  somewhat  more  expensive,  but  more  easy  to  adjust  In  England  they  seem 
to  prefer  flat  valves  to  rotative  valves.  Both  designs  are  available,  and  every- 
body can  be  satisfied  on  this  point.  Mr.  Morris  referred  to  the  fact  that  the 
d' Auria  engine  can  be  so  designed  as  to  give  the  highest  possible  economy  of 
steam,  and  I  would  say  that  that  is  absolutely  true.  When  we  design  the  steam 
end,  we  settle  upon  the  cut-off,  expansion,  compression,  etc. ,  with  a  view  to  get 
the  highest  economy  of  steam.  We  can  do  this,  because  the  d' Auria  compen- 
sator will  compensate  perfectly  whether  we  cut  off  steam  at  one-half  stroke,  or 
one-quarter  stroke,  or  at  any  other  point.  We  have  absolute  freedom  in  de- 
signing the  steam  end,  the  same  as  a  good  designing  engineer  can  have  in  de- 
signing the  steam  end  of  a  crank-and-fly-wheel  pumping  engine.  So  we  claim 
that  the  d' Auria  engine  is  capable  of  as  high  a  duty  as  the  crank-and-fly-wheel 
engine.  We  have,  besides,  a  higher  reciprocation  than  in  the  crank-and-fly- 
wheel  engine.  For  instance,  in  the  latter  the  number  of  revolutions  per  minute 
is  limited  to  about  thirty,  and  therefore  in  order  to  secure  a  high  piston  speed 
the  stroke  must  be  made  long.  In  the  d' Auria  engine  shown  before  you,  with 
an  18-inch  stroke,  the  number  of  revolutions  per  minute  when  working  against  a 
pressure  of  about  sixty  pounds  at  the  Roxborough  auxiliary  station  was  as  high 
as  eighty,  with  a  piston  speed  of  240  feet  per  minute ;  and  yet,  the  engine  has 
never  been  fastened  to  the  floor  on  which  it  stands,  nor  has  it  required  solid 
foundations  other  than  to  support  the  weight  of  the  engine  alone.  You  have 
listened  to  Mr.  Morris'  description  of  the  various  types  of  pum  ping-engines  in 
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the  Philadelphia  Water  Works,  all  of  which  are  very  much  larger  engines  than 
the  d'Auria  engine  which  is  now  at  Shawmont  pumping  station,  and  yet  you 
would  scarcely  believe  that  there  is  not  one  among  the  large  pumping  engines 
described  by  Mr.  Morris  which,  even  with  their  ponderous  foundations  and  long 
stroke,  could  approach  the  speed  at  which  the  d'Auria  engine  is  now  running. 
The  high  speed  of  reciprocation  has  some  bearing  on  the  economy  of  steam  as  far 
as  it  affects  cylinder  condensation.  Of  course,  some  may  dispute  this  point,  but 
I  think  that  of  two  engines,  both  with  the  same  piston  speed  which  is  ordinarily 
possible  with  pumping-engines,  say  200, or  250  feet  per  minute,  that  the  engine 
with  the  larger  number  of  reciprocations  per  minute  would  have  less  loss  due  to 
cylinder  condensation  than  the  other  engine.  My  idea  is  based  upon  the  theory 
that  if  the  interval  of  time  during  which  condensation  takes  place  in  a  steam 
cylinder  be  divided  into  a  number  of  equal  parts,  the  loss  by  cylinder  condensa- 
tion in  the  first  part  is  less  than  that  which  would  occur  in  the  second,  and  so  on. 
Therefore,  in  two  short  strokes,  for  instance,  the  sum  of  the  losses  by  condensa- 
tion due  to  each  stroke  is  considerably  less  than  the  loss  by  condensation 
which  would  occur  in  one  stroke  of  double  the  length.  I  find  that  the  dif- 
ference in  cylinder  condensation  due  to  high  speed  of  reciprocation  becomes  in- 
significant when  this  speed  reaches  about  100  revolutions  per  minute,  and  as  this 
speed  is  always  attained  with  stationary  engines,  it  can  be  seen  that  in  these 
engines  the  question  of  cylinder  condensation  is  not  affected  by  high  speed  of 
reciprocation ;  but  in  pumping-engines,  where  the  speed  has  been  limited  to 
about  thirty  revolutions  per  minute,  there  is  room  for  a  saving.  As  I  said  before, 
engineers  may  disagree  on  this  point,  but  there  is  one  thing  certain,  and  that  is 
that  high  speed  of  reciprocation  can  not  increase  cylinder  condensation,  but  it  has 
some  chances  of  lessening  it ;  therefore,  we  claim  that  in  the  d'Auria  engine  we 
have  every  feature  which  can  contribute  to  high  duty.  Regarding  the  safety  of 
the  d'Auria  engine,  I  will  point  out  the  fact  that  when  the  piston  or  pistons  have 
passed  the  middle  of  the  stroke,  the  propelling  force  of  the  engine  becomes  less 
and  less  than  the  resistance  offered  by  the  pump,  so  that  at  the  end  of  the  stroke 
the  moving  parts  come  naturally  to  rest,  as  the  weight  of  a  pendulum  stops  itself 
at  the  end  of  its  ascending  excursion.  In  the  engine  proper  the  weight  of  the 
pendulum  would  be  the  weight  of  the  column  of  water  and  that  of  the  moving 
parts.  Suppose  we  suspend  a  very  heavy  ball  like  a  pendulum  by  holding  it,  say, 
two  feet  from  its  middle  position.  This  ball  (neglecting  friction)  will  move  four 
feet,  stopping  when  it  is  two  feet  on  the  other  side  of  middle  position,  and  I  am 
sure  nobody  would  be  afraid  to  put  his  head  just  where  the  ball  stops  itself,  be- 
cause there  is  no  possibility  of  overrunning  the  stroke.  If,  instead,  we  had  the 
small  ball  on  a  horizontal  smooth  plane,  and  by  applying  to  it  a  certain  force  we 
would  set  it  in  motion,  when  this  ball  has  made  a  stroke  of  four  feet  nobody 
would  dare  to  stop  it  at  that  point  with  his  head.  We  require  some  buffer  to 
stop  it  by  destroying  its  energy.  This  makes  it  clear  why,  in  a  pendulum-like 
engine  like  the  d'Auria  engine,  a  high  speed  of  reciprocation  can  be  reached  with 
safety,  while  in  the  ordinary  direct-acting  pum ping-engine  the  speed  must  be 
kept  very  low  to  avoid  disaster.     Of  course,  there  is  the  possibility  that  some- 
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time  a  sudden  drop  in  the  load  of  the  engine  may  occur.  In  the  d'  Auria  engine, 
when  this  occurs,  there  will  be  an  excess  of  energy  accumulated  at  the  end  of  the 
stroke  which  the  positive  steam  cushioning,  provided  in  the  steam  cylinders,  may 
not  be  able  to  overcome  or  absorb  entirely,  and  therefore  might  bring  the  piston 
in  contact  with  the  cylinder  head.  Now,  this  little  overrunning  of  the  stroke- 
say  about  i  of  an  inch  over  and  above  the  normal  stroke — would  cause  the 
plunger  of  the  compensator  to  open  a  by-pass  consisting  of  holes  drilled  in  this 
same  plunger,  and  through  which  the  moving  column  of  water  of  the  compen- 
sator is  allowed  to  pass  without  producing  a  water-hammer.  In  this  case  a  con- 
siderable amount  of  the  excess  of  energy  is  stored  up  in  the  steam  cushioned  in 
the  clearance  spaces  of  the  cylinders,  ready  to  do  work  on  the  next  stroke ;  and 
another  part  of  this  excess  of  energy  is,  of  course,  neutralized  by  the  friction  of 
the  water  column  through  the  by-pass.  This  would  happen  only  in  case  of  an 
accident,  but  in  normal  conditions  the  by-passes  are  never  opened.  I  have  seen 
this  engine  run  under  very  severe  conditions,  imposed  upon  it  by  a  mistake  made 
by  the  attendant  in  not  opening  the  gate-valve  on  the  suction-pipe  of  the  pump. 
There  was  enough  steam  put  on  the  engine  and  enough  vacuum  to  develop  sixty 
horse-power,  and  nothing  to  resist  this  power.  A  prominent  engineer  from  New 
York  was  with  me  at  the  time,  and  we  were  both  scared  to  see  how  fast  that 
engine  ran.  After  it  was  stopped,  I  examined  the  cylinder- heads,  and  to  my  sur- 
prise I  found  that  the  pistons  had  never  touched  the  cylinder-heads.  I  could 
not  give  a  more  severe  test  to  the  engine  than  was  given  to  it  through  this  acci- 
dent It  convinced  me  that  that  compensator  worked  all  right.  To  those  who 
would  like  to  see  the  details  of  the  by-pass  in  the  compensator  I  will  be  glad  to 
show  it  on  the  blackboard. 

L.  Y.  Schermerhorn. — HoW  much  heat  is  developed  in  that  water-balance 
when  in  operation  ? 

Mr.  d' Auria. — Several  experiments  have  been  made,  and  it  has  been  found 
that  the  heat  of  the  engine  itself  warms  up  the  water  in  the  compensator  by  con- 
duction through  the  metal.  I  have  found  the  temperature  to  be  22°  F.  above 
the  temperature  of  the  room.  But  as  the  mechanical  efficiency  is  high — at 
Shawmont,  from  diagrams,  it  appears  to  be  about  95% — there  can  not  be  much 
heat  due  to  friction  of  the  water  in  the  compensator.  In  some  experiments  made 
on  the  first  d' Auria  engine  some  time  ago  at  Eighteenth  and  Hamilton  Streets 
there  was  a  long  loop  of  4-inch  gas  pipe,  and  I  found  that  2.3%  of  the  power  of 
the  engine  was  consumed  by  the  friction  of  the  water  in  the  compensator  pipe. 
This  was  determined  by  finding  first  the  mechanical  efficiency  of  the  engine  when 
running  at  160  feet  per  minute,  and  then  by  taking  a  friction-card  with  sufficient 
steam  to  barely  move  the  engine  from  one  end  to  the  other  of  the  stroke.  The 
size  of  this  engine  was  12x6x12  inches,  cutting  off  steam  at  about  one-quarter 
stroke.  I  made  some  study  of  the  subject  of  friction  of  water  in  pipes  before  the 
first  d' Auria  engine  was  built,  and  I  found  in  this  case  that  the  friction  should  be 
about  one-half  that  which  occurs  in  an  open  pipe  with  free  end  discharge.  I 
reasoned  the  matter  in  this  way  :  We  have  in  this  case  a  continuous  reentrant 
column  of  water  filling  the  compensator  and  its  loop  of  pipe  completely  and  under 
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pressure.  Therefore,  eddies  in  such  a  column  of  water  while  moving  en  moot 
can  hardly  take  place,  and  only  skin  friction  is  involved,  which  is  about  one-half 
of  the  total  loss  in  ordinary  cases  of  water  in  pipes.  My  experiments  seemed  to 
verify  this  conclusion  pretty  welL  Moreover,  I  found  that  the  heat  would  have 
the  effect  of  reducing  friction  in  a  general  way,  and  looking  up  some  investigations 
made  by  Prof.  Osborne  Reynolds,  I  found  that  he  had  reached  the  same  con- 
clusion, and  that  friction  varies  inversely  with  the  absolute  temperature  of  the 
water  approximately.  Of  course,  when  the  change  of  temperature  involved  is 
only  twenty  degrees,  there  is  not  very  much  gain,  but  still  there  is  some. 

E.  M.  Nichols. — The  release  ports  of  which  you  spoke  are  on  both  sides  of  the 
plunger,  are  they  not  ? 

Mr.  d'Auria.— Yes. 

The  President. — Was  that  first  installation  made  about  five  years  ago  ? 

Mr.  d'Auria. — No  ;  that  is  an  interesting  story.  The  origin  of  this  machine 
dates  back  to  the  time  when  Colonel  (now  General)  Ludlow  was  the  head  of  the 
Water  Department  of  Philadelphia — about  fifteen  years  ago,  at  which  time  I  was 
employed  by  him  in  this  department  and  became  a  great  admirer  of  the  Worthing- 
ton  type  of  pumping-engine,  to  which  type  the  d'Auria  pumping-engine  belongs, 
with  the  improvement  that  in  the  latter  it  is  possible  to  use  steam  expansively  in 
any  way  and  to  any  desired  degree,  while  in  the  former  pumping-engine  this  was 
impossible.  I  was  going  to  make  some  experiments  to  get  at  the  reason  that 
steam  expansion  in  a  Worthington  pumping-engine  was  not  possible  by  the  use 
of  cut-off  valves,  but  I  was  prevented  from  carrying  on  those  experiments,  with 
the  result  that  I  put  all  my  time  to  investigating  the  problem  purely  from  a 
scientific  standpoint,  and  I  hope  that  at  some  future  time  I  shall  have  an  oppor- 
tunity to  show  some  very  interesting  points  which  I  discovered  in  the  field  of 
dynamics.  All  I  can  tell  you  now  is,  that  I  was  able  through  that  investigation 
to  see  what  was  wanted  to  transform  a  Worthington  pumping-engine  into  a  high- 
duty  pumping-engine.  After  applying  for  patents — the  granting  of  which 
occupied  a  period  of  about  three  years,  involving  a  practical  demonstration  of  the 
principle  of  the  invention  before  the  examiners  of  the  Patent  Office  by  means  of 
a  model — the  principle  was  tested  some  time  afterward  on  a  large  scale  by  fitting 
an  ordinary  steam-pump  with  attachments  to  secure  steam  expansion  and  connect- 
ing the  piston-rods  of  such  pump  to  two  balance-wheels  oscillating  60  degrees 
angle  in  each  stroke.  This  machine  worked  as  steadily  and  prettily  as  a  big 
watch.  Its  smoothness  of  action  was  as  good,  if  not  better,  than  that  secured 
with  the  hydraulic  compensator.  By  the  way,  this  smoothness  of  action  in  the 
d'Auria  ! pumping-engine  has  caused  a  good  deal  of  trouble  on  account  of  the 
appearance  of  doing  nothing  the  engine  has  while  working.  An  engineer  high  in 
the  profession  said  recently,  while  looking  at  the  d'Auria  engine  at  Shawmont : 
44  I  don't  believe  that  machine  is  pumping  any  water."  It  is,  indeed,  really  de- 
ceiving. Fortunately,  at  the  time  when,  even  in  the  Water  Department*  the 
impression  had  been  created  by  the  smooth  running  of  the  engine  while  doing 
work  at  the  Roxborough  Auxiliary  Station  that  the  pump  was  not  pumping 
water,  a  test  was  determined  on  at  that  station  by  means  of  the  Venturi  meter 
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and  the  result  of  this  test  showed  such  an  agreement  between  the  water  displaced 
by  the  plunger  and  the  water  passing  through  the  meter  that  the  difference  was 
within  the  error  of  the  instrument— considerably  less  than  one  per  cent 

John  E.  Codman.—  Suppose  a  15,000,000  or  20,000,000-gallons  pump  was 
working  under  full  pressure  of  steam  and  full  resistance,  would  it  run  away  if 
the  delivery  main  were  to  break  ? 

Mr.  d'Auria. — I  have  not  made  that  experiment,  but  I  will  show  you  what 
we  provide  for  such  an  emergency.  In  the  pipe  of  the  compensator  we  adjust  a 
disc- valve  revolving  around  a  diametral  spindle.  In  the  middle  of  this  disc  there 
is  a  small  hole.  In  the  ordinary  running  of  the  engine  that  disc-valve  is  kept 
edgewise  to  the  motion  of  the  water  in  the  pipe  by  means  of  an  arm  balanced  by 
the  pressure  of  the  water  in  the  main  and  by  a  spring  working  against  it  Now, 
if  the  pressure  of  the  water  falls  suddenly  by  the  breaking  of  the  main,  you  can 
see  how  the  disc  becomes  unbalanced  and  places  itself  crosswise  to  the  motion  of 
the  water  in  the  compensator  pipe.  Under  such  conditions,  of  course,  this  water 
is  squeezed  through  the  central  hole  of  the  disc  and  the  engine  can  not  run  fast. 

John  C.  Trautwine,  Jr. — Will  you  describe  the  experiments  made  with 
your  pump  some  years  ago,  when  you  were  asked  to  stop  the  pump  by  the 
discharge? 

Mr.  d'Auria. — We  used  to  stop  the  pump  by  throttling  down  the  discharge 
pipe  very  suddenly  without  touching  the  steam-throttle,  and  then  release  the 
water  all  at  once.  I  remember  there  were  variations  of  40  to  50  pounds  on  the 
water  end  in  a  few  seconds,  but  the  compensator  pipe  took  care  of  such  vari- 
ation and  prevented  any  break.  All  this  was  done  while  the  engine  was  cutting 
off  steam  at  one-quarter  of  the  stroke.  The  best  exhibition  of  the  effectiveness 
of  the  compensator  in  a  d'Auria  engine  is  given  when  we  cut  off  steam  in  the  steam 
cylinder  at,  say,  one-third  of  the  stroke,  and  all  the  resistance  opposed  is  that  of 
air  being  compressed  up  to  a  certain  pressure,  as  in  the  d'Auria  compressor.  In 
one  experiment  with  such  a  compressor  fully  64  per  ceut  of  the  total  power  of  the 
engine  in  the  stroke  was  controlled  by  the  compensator,  the  machine  being  only 
a  6  x  6  x  6  inches,  and  at  the  time  the  experiment  was  made  it  was  making  375 
strokes  per  minute,  without  being  bolted  upon  the  floor.  Of  course,  these  things 
must  be  seen  to  be  believed,  and  I  only  can  say  this  test  was  made  in  the  presence 
of  several  engineers  in  the  shop  of  the  Maryland  Steel  Company  at  Sparrow's 
Point,  Md. 

Mr.  Codman. — Suppose  that  an  obstruction  occurs  in  the  main,  would  it  split 
the  pump  ? 

Mr.  d'Auria. — That  depends  on  the  pump.  If  you  stop  this  pump  by 
closing  the  discharge  valve  in  the  maiu,  and  without  shutting  off  the  steam,  there 
would  be  an  increase  of  pressure  upon  the  pump  which  would  cause  the  engine  to 
stop.  With  a  crank-and-fly- wheel  pump  there  is  hardly  any  doubt  that  the  pump 
would  split 

Mr.  Codman. — Suppose  it  occurred  with  a  large  pump  ? 

Mr.  d'Auria. — I  will  answer  by  stating  that  in  the  engine  at  Eighteenth  and 
Hamilton  Streets  we  made  this  experiment  many  times  without  breaking  the 
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pump,  and  I  do  not  see  why  the  same  result  would  not  be  obtained  with  a  much 
larger  pump  proportionately  well  designed. 

Fred.  W.  Gordon. — Do  I  understand  you  to  say  that  the  holes  in  the  plunger 
of  the  compensator  prevent  the  piston  from  striking  the  end  of  the  cylinder?  I 
also  understood  you  to  say  that  the  energy  is  very  expended  at  the  end  of  the 
stroke.     How  would  you  release  that  ? 

Mr.  d'Auria. — The  holes  in  the  plunger  will  not  open  and  form  a  by-pass 
under  normal  conditions  of  working.  They  operate  only  when  an  excess  of  power 
accumulates  at  the  end  of  the  stroke,  in  which  case  this  power,  while  being  met 
by  a  positive  steam-cushioning  on  the  other  side  of  the  steam-piston,  will  cause 
the  engine  to  make  a  little  longer  stroke  than  normal.  Then  it  happens  that  the 
holes  in  the  plunger  overrun  the  bearing  of  the  plunger  and  allow  the  column  of 
water  in  the  compensator  pipe  to  squeeze  through.  By  this  operation  the  energy 
residual  in  the  column  of  water  is  gradually  expended  before  it  is  able  to  bring 
the  steam-piston  against  the  cylinder-head. 

Mr.  Schermerhorn. — In  connecting  the  action  of  the  water  with  that  of  the 
balance,  I  assume  that  if  the  steam  was  taken  off  the  engine,  that  the  engine 
would  continue  to  make  a  number  of  revolutions  until  it  had  used  up  its  energy. 

Mr.  d'Auria. — When  we  stop  the  engine  by  shutting  off  steam  the  pistons 
will  continue  to  oscillate,  making  shorter  and  shorter  strokes  until  they  come  to 
rest  in  the  middle  of  the  stroke.  It  stops  gradually,  and  you  can  see  that  in 
starting  from  this  natural  position  of  rest  the  engine  will  start  with  a  short  stroke, 
gradually  acquiring  its  full  stroke — a  beautiful  system  for  starting  a  big  mass  of 
water. 

The  President.— Have  any  similar  pumps  come  to  your  notice  on  the  part  of 
other  inventors? 

Mr.  d'Auria. — I  have  been  told  several  times  by  eminent  engineers  that  in 
the  history  of  mechanics  my  engine  is  the  only  case  of  a  machine  built  upon  a 
theory.  Generally,  the  engine  is  built  first,  and  the  theory  comes  afterward. 
In  my  case,  the  principle  of  construction  of  the  engine  appeared  at  the  end  of  a 
voluminous  mathematical  investigation  of  the  problem,  which  brought  me  beyond 
the  limits  of  mathematics  usually  met  in  engineering.  The  fact  is,  that  I  have 
been  striving  for  a  good  many  years  to  make  the  principle  of  my  engine  under- 
stood by  the  profession,  but  I  must  say  that  only  the  few  who  have  taken  the 
trouble  of  listening  attentively  to  me  have  grasped  it.  Some  people  have  gone 
so  far  as  to  deny  what  we  have  practically  accomplished,  even  while  looking  at 
the  engine  running,  and  I  am  not  exaggerating  when  I  state  to  you  that  those 
supposed  to  know  most  about  pumping-engines  declared  the  d'Auria  pumping  - 
engine  an  impossibility. 

Mr.  Nichols. — Do  I  understand  that  you  demonstrated  what  the  efficiency  of 
that  engine  was,  based  upon  the  ordinary  method  of  calculating  the  efficiency  of 
pumping-engines  ?    What  is  the  duty  ? 

Mr.  d'Auria. — The  question  of  duty  in  the  d'Auria  pum ping-engine  is  de- 
pendent upon  the  same  conditions  as  in  crank-atfd-fly-wheel  engines,  as  I  have 
already  stated.   For  instance,  in  a  triple-expansion  d'Auria  pumping-engine  which 


Digitized  by  CjOOQIC 


Morris — The  Pumping -engines  in  the  City  of  Philadelphia.      197 

I  have  just  designed  we  guarantee  a  duty  of  140,000,000  feet-pounds  per  thousand 
pounds  of  steam. 

Mb.  Nichols. — What  is  the  size  of  the  engine? 

Mr.  d' Auria. — About  800  horse-power.  The  mechanical  efficiency  of  a 
<T  Auria  pum ping-engine  is  higher  than  in  any  other  type  of  engine  for  the  reason 
that  we  have  fewer  parts  in  motion,  and  also  because  of  the  perfect  and  stable 
alignment  of  the  piston-rods  due  to  the  rigidity  of  the  bed- plate  we  make  for  the 
engine  out  of  the  compensator  type.  The  fact  is,  a  d'  Auria  engine  can  be  laid  on 
any  floor  without  losing  its  alignment. 

Mr.  Nichols. — I  understood  Mr.  Morris  to  say  that  for  the  same  amount  of 
power  secured  the  engine  has  a  great  deal  less  material.  In  this  engine,  speaking 
of  800  horse-power,  what  is  the  weight  compared  with  the  other  types  ? 

Mr.  d*  Auria. — On  an  average,  a  d' Auria  engine  will  take  about  300  pounds 
of  metal  per  horse-power ;  sometimes  we  go  below,  sometimes  a  little  higher,  but 
that  is  a  fair  average.  In  the  Worthington  type,  which  comes  next  for  light 
weight,  it  takes  about  1000  pounds  of  metal  per  horse-power  ;  and  in  the  crank- 
and-fly-wheel  type  it  takes  from  two  to  four  thousand  pounds  of  metal  per  horse- 
power. With  such  an  economy  of  weight  we  can  well  afford  to  construct  the 
d' Auria  engine  with  the  best  of  material  and  workmanship,  and  although  we  can 
sell  such  an  engine  at  a  very  low  price,  compared  to  others,  this  does  not  imply 
that  we  make  a  cheap  engine.  We  do  not  need  to  skim  metal  away  to  compete 
with  other  engines  on  the  market,  and  therefore  we  can  afford  to  give  a  consid- 
erable margin  in  size  and  capacity,  although  with  this  we  save  a  very  considerable 
amount  of  space  in  the  engine-room  and  the  cost  of  foundations. 

Mr.  Trautwine.— Will  Mr.  d*  Auria  throw  a  little  more  light  on  his  explana- 
tion of  the  low  frictional  resistance  through  his  bent  pipe?  I  gather  that  he 
thinks  that  eddy  motion  is  eliminated. 

Mr.  d' Auria. — Imagine  a  straight  piece  of  pipe  with  two  pistons  held  at  a 
considerable  distance  apart  by  being  fastened  upon  a  common  piston-rod,  and 
imagine  the  space  between  those  two  pistons  to  be  filled  by  water  under  a  certain 
pressure,  so  that  it  touches  the  inside  of  the  pipe  everywhere.  If  you  move  the 
piston-rod,  the  column  of  water  will  move  en  masse  with  the  pistons,  and  there- 
fore it  will  suffer  only  skin  friction.  This  is  the  case  in  the  compensator  pipe  of 
the  d' Auria  engine.  In  the  experiments  made  of  the  friction  of  water  in  pipes, 
the  water  is  allowed  to  discharge  free  at  one  end,  and  this  condition  makes  it 
possible  for  the  column  of  water  to  separate  itself  from  the  walls  of  the  pipe  at 
various  points  and  from  eddies. 

Mr.  Trautwine.— Would  not  the  conditions  in  an  ordinary  pumping  main  be 
the  same  as  in  the  upper  figure  sketched  on  the  board  ? 

Mr.  d*  Auria.—  Yes ;  under  pressure  they  would  to  a  certain  extent. 

Mr.  Trautwine. —Take,  for  example,  the  pump  at  the  Queen  Lane  Reservoir. 
I  think  you  have  conditions  equally  like  that  which  you  describe.     Even  in  the 
upper  figure  you  admit  a  certain  amount  of  skin  friction  all  around  the  pipe.     It 
seems  to  me  it  must  hold  those  particles  back  and  create  a  rotary  current  m  the 
pipe. 
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Mr.  d' Auria. — We  deal  with  the  viscosity  of  the  liquid,  not  with  the  friction 
between  metal  and  water. 

Mr.  Tradtwine. — There  is  one  point  which  may  have  occurred  to  some.  It 
will  be  noticed  that  that  loop  is  terminated  at  each  end  by  a  semicircular  section 
of  pipe  with  a  rather  short  radius,  and  the  question  might  arise  whether  that 
short  bend  did  not  create  a  good  deal  of  friction ;  and  it  might  be  of  interest  to 
know  that  Professor  Williams  made  some  elaborate  experiments  with  a  view  to 
ascertaining  the  resistance  in  bends  of  different  radii.  It  is  one  point  in  hydrau- 
lics that  the  greater  the  radius  the  less  the  resistance.  His  experiments  demon- 
strate, if  anything,  the  contrary.  In  the  first  place,  the  radius  had  little  effect, 
and  he  brought  it  down  to  a  very  short  radius  indeed — not  more  than  the  diam- 
eter of  the  pipe — and  in  short  bends  he  found  the  resistance  decreased.  He  was 
trying  one  of  the  pipes  bent  over  itself— the  radius  the  diameter  of  the  pipe. 
The  question  might  suggest  itself  why  you  should  not  make  a  full  circuit,  but  I 
doubt  whether  you  would  gain  anything  by  it 

Mr.  d'  Auria. — This  is  very  interesting.  Only  I  call  to  your  attention  that  the 
bends  in  the  d'  Auria  compensator  are  made  of  sufficient  radii  to  prevent  an  un- 
necessary amount  of  friction.  The  fact  that  our  engines  have  such  a  high 
efficiency  proves  that  the  friction  loss  involved  in  the  compensator  is  necessarily 
small. 

Mr.  Schermerhorn.— The  length  and  the  diameter  of  the  water-pipe  are 
determined  after  you  have  computed  the  speed  of  the  engine  ? 

Mr.  d' Auria. — I  find  first  the  piston-speed  consistent  with  the  condition  that 
the  pump-barrel  fills  up  completely  at  each  stroke.  Then  I  settle  upon  the  amount 
of  work  which  the  compensator  has  got  to  take  up  and  give  out  again  in  a  single 
stroke.  With  these  data  I  design  a  loop  of  pipe  which  makes  a  pretty  appear- 
ance and  a  good  foundation  for  the  engine  itself,  and  I  determine  the  velocity  of 
the  column  of  water  in  this  pipe  to  give  me  the  necessary  energy  and  inertia ; 
then  I  proportion  the  compensator  plunger  to  it.  That  is  all.  The  compensator 
itself,  however,  is  made  large  enough  to  accommodate  the  largest  size  plunger 
than  can  be  used  in  connection  with  the  compensator  pipe,  and  if  we  find  that  a 
smaller  plunger  can  be  used  in  certain  conditions,  we  simply  put  in  a  sleeve  and 
reduce  the  diameter  of  the  plunger.  For  instance,  in  the  d*  Auria  engine  which 
is  now  at  Shawmont  Pumping  Station  we  have  a  12-inch  plunger  and  a  6-inch 
pipe.  When  this  same  engine  was  working  at  the  Roxborough  auxiliary  station 
against  a  much  smaller  pressure,  I  found  it  necessary  to  use  a  plunger  8}  inches  in 
diameter,  but  the  pipe  was  the  same.  This  same  engine  is  expected  soon  to 
migrate  again  from  Shawmont  to  the  Wentz-Farm  station,  and  in  order  to  use  its 
full  power  the  same  1 2-inch  plunger  will  be  left,  in  the  compensator,  and  the 
volume  of  water  pumped  against  the  pressure  of  that  station  will  be  about 
4,000,000  gallons  in  twenty-four  hours.  I  suppose  that  there  are  few  pumping- 
engines,  if  any,  in  the  Philadelphia  water-works  that  can  be  sent  from  station 
to  station  like  the  d' Auria  engine,  which  in  this  case  is  a  regular  tramp  engine. 
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Second  edition,  small  8vo.,  XV,  408  pages.  Philadelphia,  P.  Blakiston's 
Son  &  Co. 

This  is  a  treatise  on  the  general  question  of  water-supply,  adapted  to  the  needs 
of  health  officers  and  sanitary  engineers.  The  anthor  states  especially  that  his 
object  has  been  to  enable  the  medical  officer  of  health,  in  conjunction  with  the 
district  surveyor,  to  report  on  the  wholesomeness  and  sufficiency  of  existing  sup- 
plies, and  to  formulate  practicable  schemes  for  new  supplies.  To  the  solution  of 
this  problem  he  brings  the  results  of  much  experience  in  rural  districts. 

The  principal  topics  treated  are  composition  and  properties  of  various  classes  of 
natural  water ;  effects  of  impure  water ;  interpretation  of  water  analyses ;  self- 
purification  of  rivers  ;  artificial  purification,  domestic  and  public ;  quantity  of  water 
required  ;  construction  of  wells  ;  instalment  of  pumping,  storage,  and  distributing 
systems  ;  laws  relating  to  water-supply. 

The  work  is  well  printed,  has  numerous  illustrations  and  a  good  index.  It  does 
not  enter  into  the  description  of  processes  of  analysis,  but  the  value  of  the  various 
standard  analytic  data  is  discussed  at  some  length.  It  is  %  compact  and  clearly 
written  conservative  summary  of  the  present  state  of  sanitary  engineering  in  this 
department. 
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OBITUARY. 

RICHARD  BOYSE  OSBORNE. 

Richard  Boy9E  Osboene,  the  "Father  of  Atlantic  City"  and  a  prominent 
civil  engineer,  was  born  at  London,  England,  November  3,  1815,  and  died  on 
November  28,  1899,  at  Glenside,  Pa.  He  had  been  prominently  connected  with 
many  important  works  as  an  engineer,  and  was  also  known  as  an  inventor  and 
as  an  author  of  engineering  works.  On  his  father's  side  Mr.  Osborne  was  directly 
descended  from  Sir  Thomas  Osborne,  of  Kent,  England,  First  Duke  of  Leeds,  the 
Lord  Danby  whom  readers  of  Macaulay  will  remember.  His  mother,  Miss 
Humphrey,  was  the  granddaughter  of  a  sister  of  General  Hugh  Mercer,  of  the  Revo- 
lutionary War. 

Mr.  Osborne  was  educated  at  Bannow  and  Waterford,  Ireland,  and  at  Bath, 
England.  In  July,  1834,  he  went  to  Canada,  and  at  the  end  of  the  following  year 
to  Chicago,  where  some  months  were  spent  in  laying  out  Western  towns  which  have 
since  become  prominent.  Thence  he  went  to  St.  Louis,  traveling  1200  miles 
of  the  way  in  a  small  open  boat  over  the  Des  Plaines,  Missouri,  and  Mississippi 
Rivers.  In  1838  he  entered  the  service  of  the  Philadelphia  &  Reading  Railroad  as 
draftsman,  advancing  steadily  and  rapidly  until  he  succeeded  to  the  position  of 
Chief  Engineer,  in  which  capacity  he  served  on  the  Philadelphia  &  Reading,  Mount 
Carbon,  and  Port  Carbon  Railroads  until  1845.  In  1845  he  visited  Ireland,  and 
later  became  Eugineer-in-Chief  of  the  Waterford  &  Limerick  Railway,  serving  that 
corporation  until  1850.  While  on  this  work  he  put  into  practice  in  Great  Britain 
various  important  American  inventions  and  ideas,  among  which  were  the  American 
transit  and  the  American  system  of  location  of  railway  lines  ;  the  now  universally 
known  Howe-truss  principle  of  bridge  and  roof  construction,  and,  in  July,  1846, 
the  long  American,  8-wheeled,  bogie-truck  passenger  and  box  freight  cars,  sup- 
planting the  four-wheeled  cars  in  both  cases,  the  freight  cars  being  then  open  and 
covered  by  tarpaulins.  He  designed  and  built  the  first  Howe-trass  roof  ever  put  up 
in  Great  Britain.  He  planned  the  first  Howe-truss  roof  erected  in  America,  that 
of  the  Philadelphia,  Wilmington  &  Baltimore  Railroad  Station,  still  standing  at 
Broad  Street  and  Washington  Avenue,  Philadelphia.  He  designed  and  built  the 
first  iron  Howe-truss  bridge  constructed.  This  is  still  standing  on  the  main  line 
of  the  Philadelphia  &  Reading  Railway,  just  above  Manayunk.  Philadelphia, 
though  it  is  now  supported  by  trestling  owing  to  the  increase  in  the  weight  of  rolling 
stock  since  those  days. 

In  1850  Mr.  Osborne  spent  six  months  on  the  Isthmus  of  Panama.  In  1851-2 
he  made  a  thorough  examination  of  and  report  on  the  Catawissa  Railroad.  In  1852 
he  took  charge  of  the  surveys  and  construction  of  the  Camden  &  Atlantic  Railroad 
and  the  laying  out  of  Atlantic  City,  which  he  also  had  the  honor  of  naming, 
together  with  its  streets.  His  predictions  of  its  successful  future  have  since  been 
fully  realized. 

In  Juue,  1879,  the  Camden  &  Atlantic  Railway  Company  celebrated  the  twenty- 
fifth  anniversary  of  the  founding  of  "  the  City  by  the  Sea"  and  of  the  completion 
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of  the  railroad  which  originated  it,  and  Mr.  Osborne  made  an  address  on  the  occa- 
sion as  "the  only  man  then  living  who  had  been  actively  connected  with  the 
building  of  the  one  and  the  laying  ont  of  the  other." 

In  1852  Mr.  Osborne  also  took  charge  of  the  Dauphin  &  Susquehanna  Railroad. 
In  1854  he  took  charge  of  the  Lebanon  Valley  Railroad,  which  was  opened  to  Har- 
risburg  in  1858,  and  he  was  connected  with  it  at  intervals  up  to  1863.  From  1869 
to  1870  he  was  professionally  connected  with  the  East  Mahanoy,  Danville  &  North* 
umberland,  the  Shamokin  &  Northern,  the  Jersey  Shore,  Pine  Creek  &  State  Line, 
the  Elmira  &  Williamsport,  and  the  New  York  &  Oswego  Midland  Railroads,  and 
had  examined  bridge  sites  for  the  Baltimore  &  Ohio  Railroad  at  Parkersburg  and 
Bellaire. 

In  1870-71,  as  Chief  Engineer  of  the  Western  Maryland  Railroad,  he  was  en- 
gaged in  the  construction  of  its  most  difficult  work  over  the  mountains.  Later  he 
was  connected  with  surveys  for  the  Tuckerton  &  Atlantic,  the  Washington,  Cincin- 
nati &  Ohio,  the  Shenandoah  Valley  &  Ohio,  and  the  Susquehanna  &  Delaware 
River  Railroads,  and  in  1888  was  Consulting  Engineer  for  the  late  Moncure  Robin- 
son, on  his  North  Carolina  and  South  Carolina  lines.  In  1882-3,  as  engineer  for 
North  Atlantic  City  in  the  closing  of  an  inlet  on  Brigantine  Beach  through  which 
the  sea  flowed,  he  used  bags  of  sand  in  such  a  manner  that  the  action  of  the  sea 
completed  the  work  most  satisfactorily. 

He  was  especially  successful  in  the  designing  of  bridges,  whether  of  wood, 
masonry,  brick  or  iron,  notable  examples  of  which  are  the  stone  skew  arch  bridge 
on  ellipsoidal  curves  over  Sixth  Street,  Reading,  Pennsylvania  (said  to  be  the  first 
of  its  kind  ever  built  in  this  country),  the  long-lived  wooden  Howe-truss  bridge 
across  the  Schuylkill  at  Reading,  which  was  burned  during  the  railroad  riots  of 
1877,  and  the  Swatara  brick  arch  bridge  on  the  Lebanon  Valley  Railroad,  which 
has  stood  against  floods  that  carried  other  bridges  against  it  He  also  did  some  dif- 
ficult tunnel  work,  including  the  Port  Clinton  "  Pulpit  Rock  "  tunneL  He  was 
the  engineer  in  charge  of  the  great  Philadelphia  coal-shipping  wharves  at  Port  Rich- 
mond, the  first  long  ones  of  which  he  built  and  most  of  which  he  also  planned. 

He  wrote  many  extensive  reports  on  special  investigations,  and  published  books 
or  brochures  on  various  engineering  subjects  of  general  interest  to  the  profession, 
among  which  are  "Select  Plans  for  Engineering  Structures,"  "Treatise  on  the 
Merits  of  Narrow-gage  Rail  roads,"  and  a  "Professional  Biography  of  Moncure 
Robinson  "  ;  and  he  suggested  and  originated  the  *'  Lyons'  Tables,"  which  are  still 
used  by  engineers.  He  was  the  iuventor  and  patentee  of  the  suspension  truss 
and  elastic  arch  truss  for  bridges.  Since  1856  he  was  a  life  member  of  the  Institute 
of  Civil  Engineers  of  Ireland,  and  an  active  member  of  The  Engineers'  Club  of  Phil- 
adelphia. He  fras  well  posted  in  railroad  law,  his  knowledge  having  been  gained 
largely  from  experience,  and  he  was  frequently  called  before  the  courts  of  New  Jer- 
sey and  Pennsylvania  as  a  railroad  expert. 

In  his  long  and  varied  professional  experience  in  different  countries  he  was  more 
or  less  intimately  associated  with  many  of  the  noted  engineers  and  other  railroad 
and  professional  men  in  this  country  and  Great  Britain,  most  of  whom  have  pre- 
ceded him  to  their  last  rest.  Among  these  were  Geo.  W.  Childs,  John  Tucker, 
Robert  Frazer,  C.  E.,  Wm.  Hazel  Wilson,  C.  E.,  John  C.  Trautwine,  C.  E.,  Mon- 
cure Robinson,  C.  E.,  Harry  Biddle,  C.  E.,  Franklin  B.  Go  wen,  Samuel  Richards, 


Digitized  by  CjOOQIC 


Obituary.  203  * 

John  Lucas,  and  Benjamin  H.  Brewster,  all  of  Philadelphia;  the  Hon.  Abraham 
-Browning,  of  Camden,  N.  J.  ;  Benjamin  H.  Latrobe,  C.  E.,  and  General  I.  R. 
Trimble,  C.  E.,  of  Baltimore ;  William  Miles  Cary  Fairfax,  C.  E.,  of  Virginia  ; 
Thomas  Pinckney  Huger,  C.  E.,  of  Georgia ;  John  A.  Roebling,  C.  E.,  of  New 
York  ;  the  Stevensons  and  Charles  Vignoles,  of  England  ;  and  Howe,  the  inventor 
of  the  truss  bridge  known  by  his  name. 

He  was  a  man  of  great  energy,  had  a  fund  of  anecdotes  taken  from  his  experi- 
ences, and  was  an  entertaining  conversationalist.  He  was  a  naturalized  citizen  of 
the  United  States  and  a  member  of  the  Episcopal  Church. 

In  November,  1842,  Mr.  Osborne  married  Eliza,  daughter  of  Bartholomew 
Graves,  of  Philadelphia,  at  one  time  Prothonotary.  Mrs.  Osborne  died  in  October, 
1896. 

Mr.  Osborne's  personality,  his  profound  knowledge  of  his  profession,  his  kindness 
and  helpfulness  to  its  members,  and  his  deep  pride  in  it,  insensibly  drew  to  him  all 
those  who  came  to  know  him,  and,  in  spite  of  his  retiring  disposition,  won  him 
many  friends.  The  impressions  thus  formed  upon  an  early  acquaintance  were  only 
confirmed  and  strengthened  as  further  intercourse  gave  deeper  insight  into  the 
excellencies  of  his  character.  His  death  removes  from  our  midst  an  honored  mem- 
ber, the  story  of  whose  long,  clean,  and  very  active  life  may  well  be  summarized  in 
the  words  of  one  of  his  own  verses  : 

"The  record,  too,  of  uprightness, 
Fidelity,  and  care, 
As  fruits  of  living  righteousness, 
Which  crowned  man's  effort*  with  success." 
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Regular  Meeting,  April  21,  1900.— The  President  in  the  chair.  Sixty-five 
members  and  nine  visitors  present. 

Dr.  Henry  Leffmann  presented  a  communication  on  "  Coal-tar  and  Coal-tar 
Products."    The  subject  was  discussed  by  Dr.  J.  Merritt  Matthews. 

Dr.  H.  M.  Chance  exhibited  and  described  a  series  of  views  taken  before  and 
after  the  break  of  the  dam  in  the  Colorado  River  at  Austin,  Texas. 

Business  Meeting,  May  5,  1900.— The  President  in  the  chair.  Eighty-one 
members  and  fifteen  visitors  present. 

Mr.  Frederick  H.  Shelton  presented  a  communication  on  "  Modern  Methods  of 
Manufacturing  Illuminating  Gas."  The  subject  was  discussed  by  Messrs.  Gordon, 
Fo retail,  Marburg,  Schermerhorn,  and  Christie. 

The  Tellers  reported  the  election  of  Messrs.  H.  P.  Cochrane,  Chas.  E.  Macbold, 
W.  O.  Pennell,  and  C.  R.  Roth  well  to  active  membership ;  S.  R.  Earl  to  associate 
membership  ;  and  W.  R.  Jones  to  junior  membership. 

Regular  Meeting,  May  19,  1900. — The  First  Vice-President  and  later  the 
Second  Vice-President  in  the  chair.     Forty-three  members  and  six  visitors  present 

Mr.  William  Easby,  Jr.,  read  a  paper  on  "The  Bacterial  Treatment  of  Sewage 
in  England."  The  subject  was  discussed  by  Messrs.  Leflmann,  Maignen,  and 
Schermerhorn. 

Business  Meeting,  June  2,  1900.— The  President  in  the  chair.  Fifty-six 
members  and  eleven  visitors  present. 

Mr.  Henry  G.  Morris  read  a  paper  on  the  "  Pumping-engines  of  the  Philadel- 
phia Waterworks."  The  subject  was*  discussed  by  Messrs.  d'Auria,  Gordon, 
Codman,  Schermerhorn,  Nichols,  Trautwine,  and  McBride. 

Several  lantern  slides  illustrating  actual  battle-scenes  in  the  Philippine  Islands 
were  exhibited. 

A  conversational  meeting  was  held  on  May  12.  Messrs.  James  Christie 
and  Edwin  F.  Smith  made  remarks  upon  the  engineering  features  of  the  proposed 
Nicaragua  Canal,  and  also  references  to  other  proposed  isthmian  waterways.  The 
subject  was  discussed  in  a  general  way.  About  twenty  members  were  present  at 
the  meeting. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Regular  Meeting,  April  21,  1900. —Present :  The  President,  the  Vice-Presi- 
dents, Directors  Levis,  Bonder,  Smith,  and  Christie,  and  the  Secretary. 

The  Treasurer's  report  showed  : 

Balance,  March  31,  1900, $1969.68. 

Upon  motion,  Messrs.  Carl  Hering,  F.  H.  Lewis,  and  Wm.  C.  L.  Eglin  were 
appointed  a  delegation  to  represent  the  Clnb  at  a  reception  of  visiting  engineers  to 
bo  held  at  Paris  in  June  of  this  year  nnder  the  auspices  of  the  Society  of  Civil 
Engineers  of  France. 

Regular  Meeting,  &ay  19,  1900.— Present :  The  Vice-Presidents,  Directors 
Levis,  Souder,  Smith,  and  Piez,  and  the  Secretary. 

The  Treasurer  reported! 

Balance  on  hand  April  30, 1900, $1929.70. 

The  Executive  Committee  presented  an  amended  form  of  rules  for  the  government 
of  the  Board,  which  was  adopted  to  take  effect  at  once. 

An  appropriation  of  $150.00  was  made  to  the  Library  Committee  for  use  during 
the  current  year. 

Special  Meeting,  June  2,  1900,  called  to  transact  all  pending  business. — Pres- 
ent :  The  President,  the  Vice-Presidents,  Directors  Levis,  Smith,  Souder,  Christie, 
and  the  Secretary. 

The  Treasurer  reported 

Balance  on  hand $1539.20 

A  communication  was  received  from  the  Engineering  Society  of  Western  New 
York  inclosing  photographs  of  buildings  and  plans  for  the  Pan-American  Exposition 
to  be  held  at  Buffalo  in  1901,  and  asking  for  suggestions  in  regard  to  conventions  of 
engineering  societies  at  that  time.  Final  action  upon  the  communication  was 
postponed  for  the  present. 

The  Secretary  was  authorized  to  notify  the  members  that  the  Club  would  under- 
take to  bind  Proceedings  in  a  style  similar  to  that  used  in  the  Club  library  for  one 
dollar  a  volume,  payable  in  advance  ;  also  that  the  Secretary  is  authorized  to  sell 
single  copies  of  any  issue  of  the  Proceedings  to  members  to  complete  their  files  at 
ten  cents  per  copy. 
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From  L.  G.  Carpenter,  Ft.  Collins,  Col. 
Twelfth  Annual  Report,  1899,  The  Agricultural  Experiment  Station,  Ft  Collins, 
Col. 

From  F.  L.  Hand,  Chief  Water  Bureau,  Phila. 
Reports,  1895,  '96,  »97,  '98. 

From  U.  S.  Coast  and  Geodetic  Survey. 
Report,  1897,  '98. 

From  Superintendent  of  Documents,  Washington,  D.  C. 
Consular  Reports,  No.  234,  March,  1900. 

44  "  "    235,  April,  1900. 

"  "       Special,  Volume  XVIII ;  Merchant  Marine  of  Foreign  Countries. 

Monthly  Summary,  Commerce  and  Finance,  January,  1900. 

"  "  "  "  "        February,  1900. 

National  Academy  of  Sciences,  Annual  Report,  1899. 
Water-supply  and  Irrigation  Papers,  No.  32. 

From  W.  C.  Hawley,  Atlantic  City,  N.  J. 
Annual  Reports  1,  2,  3,  4,  Board  of  Water  Commissioners,  Atlantic  City,  N.  J. 

From  Metropolitan  Water  Board. 
Fifth  Annual  Report,  January  1,  1900. 

From  United  States  Geological  Survey. 
Nineteenth  Annual  Report,  1897-'98,?Part8  2,  3,  and  5  atlas. 
Twentieth  Annual  Report,  1898-'99,  Parte  1,  6,  and  6  continued. 
Monographs  XXXII,  Part  2  ;  XXXIII-IV-VI-VII-VIII. 
Bulletins  157-58-59-60-61-62. 

From  Commissioners  Topographical  Survey. 
Report  of  Massachusetts  and  New  York  Boundary. 

From  Mr.  Kenneth  M.  Blakiston. 
Map  of  Improved  Portion  of  the  Province  of  Pennsylvania,  1681. 
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THE  WATER-JET   AS  AN   AID  TO   ENGINEERING 
CONSTRUCTION. 

L.    Y.   SCHERMERHORN. 

Read  September  15,  1900. 

Some  years  ago  while  engaged  in  using  the  water-jet,  as  herein- 
after described,  I  found  my  right  to  use  the  method  challenged  by 
parties  who  had  secured  a  patent  upon  the  water-jet  as  an  aid  in  pile- 
driving. 

Knowing  from  tradition,  and  from  experience,  that  the  engineer 
is  often  obliged  to  solve  difficulties  by  the  use  of  appliances  which, 
though  they  appear  novel  to  him,  are  not  in  fact  new,  I  believed  that 
others  bad  probably  employed  the  water-jet  for  purposes  similar  to 
those  which  led  me  to  its  use;  and  under  this  strong  intuition  I  be- 
lieved that  the  patent  was  invalid,  for  the  reason  that  it  was  not  for  a 
new  appliance,  but  rather  for  one  in  use  iu  this  country  some  years 
prior  to  the  application  for  the  patent  which  had  been  granted.  I 
accordingly  entered  upon  au  investigation  of  prior  use  of  the  water- 
jet,  through  an  extensive  correspondence  with  engineers  in  all  parts 
of  the  country,  and  by  an  examination  of  engineering  literature  in  our 
libraries. 

The  results  of  this  investigation  were  in  (part  subsequently  pub- 
lished by  the  Government  for  distribution  among  the  officers  of  the 
1  207 
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Corps  of  Engineers,  and  the  attention  thus  directed  to  the  method 
resulted  in  the  immediate  and  extensive  use  of  the  water-jet  for  pile- 
sinking  upon  the  works  under  the  Mississippi  and  Missouri  River 
Commissions  and  elsewhere ;  and  through  the  success  of  the  method,  as 
there  established,  it  has  come  into  very  general  use  in  the  West  and 
Northwest,  but  the  method  has  never  received  in  the  East  the  attention 
which  experience  elsewhere  indicates  that  it  deserves.  I  have,  there- 
fore, considered  that  the  general  subject  might  with  interest  and  advan- 
tage be  presented  before  the  Club. 

When  a  sufficiently  powerful  stream  of  water,  in  the  form  of  a 
jet,  is  forced  into  sand,  mud,  or  soft  clay,  a  rapid  disintegration  and 
removal  of  the  material  ensues  when  the  action  of  the  jet  is  confined 
to  quite  limited  areas*  and  an  increased  fluidity  of  the  earthy  mass 
with  a  partial  excavation  when  not  so  confined.  In  either  case  the 
action  of  the  water-jet  facilitates  the  passage  of  piles,  cylinders,  cais- 
sons, or  similar  constructions  through  earthy  material  of  the  character 
named. 

The  general  action  of  the  water-jet  may  be  illustrated  by  its  oper- 
ation in  sinking  ordinary  wooden  piles.  The  pile,  properly  held  in 
position  in  the  leaders  of  a  pile-driver,  is  lowered  upon  the  bottom, 
and  the  water-jet  placed  in  operation  close  to  the  lower  end  of  the 
pile  •  whereupon  the  pile,  either  through  its  own  weight  or  aided  by  that 
of  the  pile-hammer,  lowered  upon  the  head  of  the  pile,  rapidly  sinks, 
with  the  water-jet,  into  the  semifluid  mass  of  sand  which  the  water- 
jet  has  produced.  All  variations  in  the  use  of  the  water-jet  for  sink- 
ing piles  are  Modifications  of  the  action  just  described. 

A  compilation  of  all  known  applications  of  the  water-jet  indicates 
that  its  first  use  arose  from  the  difficulties  experienced  in  obtaiuing 
suitable  foundations  for  lighthouses  and  wharves  on  the  sandy  shores 
of  the  Gulf  and  Atlantic  Southern  States.  In  several  cases  the  engi- 
neering difficulties  of  the  occasion  have  led  to  the  use  of  the  water-jet 
without  the  user  being  aware  of  its  previous  application  to  similar 
difficulties.  This  has  led  to  claims  of  originality  from  several  inde- 
pendent sources,  each  person  honestly  imagining  that  he  was  the  orig- 
inal discoverer.  The  earliest  determined  use  of  it  occurred  in  1852, 
in  sinking  piles  for  a  wharf  and  warehouse  at  Decrow's  Point, 
Matagorda  Bay,  Tex. ;  and  arose  from  a  suggestion  made  by  Cap- 
tain Geo.  B.  McClellan,  who  was  at  the  time  Chief  Engineer  of  the 
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Department  of  Texas,  and  in  charge  of  surveys  of  rivers  and  hai;bof& 
on  the  coast  of  Texas. 

The  method  adopted  is  described  by  an  eye-witnesd.  as  follow: 
"Id  February,  1852,  a  resident  of  Decrowns  Point  Was  building  a 
wharf  and  warehouse,  and  found  it  difficult  to  sink  the  piles  in  the 
hard  sand  bottom.  Captain  McClellan  advised  him  to  get  a  band- 
pump  and  pump  them  down ;  which  he  did,  and  it  worked  finely. 
The  method  was  as  follows :  Water  was  forced  through  an  ordinary 
rubber  hose,  with  a  piece  of  gas-pipe  on  the  end  for  a  nozle.  The 
nozle  was  placed  close  to  the  point  of  the  pile  on  the  bottom,  the  jet 
of  water  scouring  the  sand  away  from  the  pile  and  making  a  hole,  in 
which  the  pile  sank  rapidly." 

General  McClellan  stated,  in  1879,  that  the  sinking  of  clams  into 
the  sand  along  the  ocean  shore,  by  closing  their  shells  and  ejecting 
the  water  therefrom  in  a  thin  stream,  first  suggested  to  him  the  use 
of  the  water-jet  as  an  aid  in  sinking  piles  in  sand. 

In  1854,  in  sinking  piles  for  the  foundation  of  Pungateague  Light, 
Chesapeake  Bay,  Mr.  Charles  Pontez,  under  direction  of  Major  H. 
Bache,  suggested  the  use  of  the  water-jet.  Mr.  Pontez  thus  describes 
the  method :  .  '  ;        > 

"The  piles  were  hollow,  of  cast-iron,  18  feet  long,  7  inches  in  idjaia/- 
eter,  with  a  trumpet-shaped  base  flaring  out  to  3  feet  in  djatnetet*  '  A 
1-iuch  iron  pipe,  which  passed  through  the  pile,  was  connected  by,  a 
hose  with  a  hand  force-pump.  By  this  means  a  pile  was  flunk  11  -feet 
in  two  and  a  half  hours;  11  piles  wete  silnk  in  three  days."  ' 

Between  1854  and  1861  Lieutenant  W.  H.  Stevens  made  use  of  the 
water-jet  for  sinking  sheet  and  bearing  piles  in  the  construction  of 
jetties  for  the  protection  of  Fort  Livingston,  La.;  for  the  sinking  of 
wooden,  piles  for  platform,  and  screw-piles  for  foundation  .fbr  A 
lighthouse  at  Half-moon  Shoals,  Matagorda  Bay,  Tex.,  and  at  Ship 
ghofcl*,  La/;  and  for  sinking  wooden  piles  for  the  foundation  df  ,a 
wharf  and  warehouse  in  connection  with  the  fortifications  at  Pelican 
Spit,  Galveston  Bay,  Tex.  It  has  been  impossible  to  obtain  the  .details 
of  the  methods  of  application  of  the  water-jet  at  the  foregoing  Worts; 
but  duoh  details  as  are  obtainable  indicate  that  the  <wdter*jet  was  not 
attached  to  the  piles.    * 

In  1856  James  Brunlee  used  the  water-jet  in  sinking  cast-iron  pile* 
for  the  foundations  of  the  Kent  and  Leven  Viaducts  over  Morecambe 
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Bay,  England.  The  piles  were*  hollow,  pointed,  and  provided  with  a 
disk  near  their  lower  ends.  A  wrought-iron  pipe  2  inches  in  diam- 
eter was  carried  down  the  inside  of  the  piles  and  through  the  ends  to 
a  distance  of  about  2  feet  below  the  point  of  the  pile.  The  top  of  the 
pipe  was  connected  by  a  flexible  hose  with  the  force-pump.  By  these 
appliances  the  water  was  forced  down  the  pipe  and  into  the  sand, 
which,  being  loosened  and  rendered  quite  fluid,  permitted  the  easy 
descent  of  the  piles.  The  guide-piles  forming  the  approach  to  the 
drawbridge  were  baulks  of  timber,  14  inches  square,  fitted  with  cast- 
iron  sockets  having  disks  2}  feet  in  diameter.  These  piles  were  sunk 
by  the  same  method  as  the  cast-iron  piles,  except  that  the  water-jet 
was  carried  down  the  outside  of  the  pile  to  its  point.  Since  this 
application  of  the  water-jet  by  Mr.  Brunlee,  its  use  has  been  quite 
frequent  in  the  construction  of  foundations  for  lighthouses  on  the 
coasts  of  England  and  France. 

In  1862  wooden  piles  to  the  number  of  5000  were  placed  by  Mr. 
J.  W.  Glenn  across  the  channel  to  Mobile  Harbor  for  the  purpose  of 
obstructing  the  entrance  of  the  Federal  fleet.  The  general  details 
were  as  follows : 

The  piles  were  from  20  to  30  feet  in  length,  with  a  diameter  of 
from  18  to  30  inches.  They  were  sunk  from  12  to  20  feet  in  the  sand, 
and  their  tops  were  cut  off  a  little  below  the  surface  of  the  water.  A 
steam  fire-engine  placed  on  the  deck  of  a  steamer  supplied  the  neces- 
sary force-pump.  At  the  end  of  about  50  feet  of  hose  an  ordinary 
l£-inch  fire-nozle  was  placed.  At  the  lower  end  of  the  pile  two  iron 
staples  were  driven,  in  which  the  nozle  was  secured  while  the  pile  was 
being  sunk.  The  pump  was  started  and  the  pile,  with  the  jet  attached, 
lowered  to  the  bottom,  into  which  it  quickly  sauk  to  the  required 
depth.  The  hose  and  nozle  were  freed ^by  drawing  them  to  the  sur- 
face before  the  pump  was  stopped.  The  rate  of  penetration  is  stated 
as  "  about  1  foot  per  second."  The  depth  of  water  was  about  8  feet ; 
and  the  bottom  is  described  as  being  "  for  a  depth  of  20  feet  a  deposit 
of  sand  such  as  is  common  to  the  Gulf  coast." 

In  the  Gulf  States  palmetto  piles  were  found  to  resist  effectually 
the  ravages  of  the  teredo ;  but  the  wood  is  too  soft  to  withstand  the 
blows  of  the  pile-driver.  By  using  the  water-jet  the  necessity  for  the 
use  of  the  pile-hammer  was  removed,  and  palmetto  piles  became 
available.     This,  taken  in  connection  with  the  favorable  results  pre- 
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viously  obtained  by  Lieutenant  W.  H.  Stevens,  led  to  a  general  use 
of  the  water-jet  in  sinking  both  round  and  sheet  piles  at  various  points 
along  the  Atlantic  and  Gulf  coasts.  Application  of  the  principle  was 
made  by  Major  P.  C.  Hains,  in  1872,  in  the  construction  of  the 
foundations  for  Thimble  Light,  Va.,  and  in  1873  in  the  construction 
of  range  lights  at  the  mouth  of  the  Patapsco  River,  Md.;  by  Captain 
A.  N.  Dararell,  in  1873,  in  placing  piles,  for  beach  protection,  at 
Fort  Gaines,  Mobile  Bay,  Ala.,  and  in  1877  for  sheet-piling  for  sea- 
walls at  Fort  Morgan,  Mobile  Bay ;  by  Captain  C.  E.  L.  B.  Davis, 
in  1874,  1875,  and  1877,  in  the  construction  of  sheet-piling  at  Galves- 
ton Bay,  Tex. 

In  1867  to  1869, 0.  Chanute,  C.  E.,  Chief  Engineer  of  the  Kansas 
City  Bridge,  made  use  of  the  water-jet  in  sinking  wooden  bearing- 
piles,  by  passing  an  iron  pipe  along  the  side  of  the  pile  and  attached 
thereto,  allowing  the  jet  to  discharge  near  the  point  of  the  pile.  Mr. 
Chanute  also  used  compound  piles,  formed  by  boltiug  together  four 
square  pieces  of  timber,  one  corner  of  each  piece  having  been  cham- 
fered, and  these  chamfered  edges  placed  together,  leaving  a  hole  along 
the  axis  of  the  pile  through  which  the  jet  was  forced.  The  water-jet 
was  used,  also,  in  sinking  the  caisson  for  pier  No.  4,  by  arranging  jets 
so  as  to  discharge  at  the  lower  edge  of  the  caisson ;  also  by  inde- 
pendent jets  directed  by  divers  against  special  points  of  resistance. 

In  1868,  T.  J.  Whitman,  C.  E.,  Chief  Engineer  of  the  St.  Louis 
Waterworks,  made  the  following  application  of  the  water-jet  in  sink- 
ing sheet-piling  for  the  coffer-dam  about  the  foundations  of  the  river 
engines: 

A  2-inch  iron  pipe  was  fastened  to  the  side  of  the  pile ;  the  lower 
end  of  the  pipe  was  contracted  to  a  f-inch  opening.  The  pipe  was 
bent  so  as  to  bring  the  nozle  just  to  the  point  of  the  pile.  The  pipe 
was  connected  with  the  pump  by  a  3-inch  hose,  through  which  water 
was  forced  with  the  greatest  pressure  obtainable.  A  second  method 
of  application  was  to  bore  a  hole  from  the  point  of  the  pile  upward 
(along  the  axis  of  the  pile)  for  about  two  feet,  and  a  second  hole  from 
the  side  of  the  pile  obliquely  downward  to  intersect  the  first  hole. 
The  nozle  of  the  pipe  was  forced  into  the  oblique  hole  and  the  water 
pumped  as  before.  By  this  latter  method  the  piles  could  be  sunk 
much  faster  than  by  the  first. 

Difficulty  was  found  to  exist  in  sinking  the  piles  to  the  required 
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depth,  the  cause  of  which,  Mr.  Whitman  says,  was  as  follows :  "  When 
we  excavated  for  the  masonry,  the  difficulty  was  made  evident.  The 
material  was  sand  mixed  with  a  considerable  amount  of  gravel  and 
quite  large  stones.  The  pile  would  sink  readily  through  the  sand  and 
fine  gravel,  but  when  it  had  passed  through  a  certain  amount  of  this 
material,  the  gravel  collected  in  a  pocket  about  the  foot  of  the  pile 
and  allowed  the  water  to  escape  without  displacing  the  material,  so 
that  the  pile  would  sink  no  further."  The  author  had  a  similar 
experience  with  the  water-jet  in  sinking  sheet-piling  through  sand 
containing  quite  a  large  percentage  of  coarse  gravel  and  small  stones : 
subsequent  excavation  developing  a  mass  of  small  stones  accumulated 
at  the  lower  ends  of  the  sheet-piles,  which  had  been  collected  by  the 
water-jet  in  its  downward  passage  through  the  gravelly  sand. 

In  1870,  E.  D.  Mason,  C.  E.,  Chief  Engineer  of  the  Hannibal 
Bridge,  Mo.,  used  the  water-jet  to  clear  away  the  sand  from  the  piles 
so  that  they  could  be  cut  off  below  the  river  bottom ;  also  generally 
to  remove  deposits  from  about  the  foundations. 

In  1871,  Captain  M.  R.  Brown,  under  direction  of  Lieutenant- 
Colonel  J.  D.  Kurtz,  made  a  valuable  application  of  the  water-jet  in 
sinking  the  iron  screw-piles  used  in  the  construction  of  the  pier  at 
Lewes,  Del.  The  piles  consisted  of  solid  wrougbt-iron  shafts,  from 
6J  to  8|  inches  in  diameter,  provided  with  cast-iron  screws  from  2  to 
2^  feet  in  diameter.  In  attempting  to  screw  the  piles  down  they 
broke,  from  the  extreme  resistance  of  the  material  into  which  they 
were  forced,  before  they  bad  attained  the  necessary  depth.  An  attempt 
was  made  to  reduce  the  resistance  by  leading  a  jet  of  water  to  the 
material  underneath  the  flanges  of  the  screw ;  but  the  prevalence  of 
gravel  and  the  insufficient  force  of  the  pump  gave  unsatisfactory 
results.  An  examination  of  a  broken  screw  led  to  the  conclusion  that 
the  greatest  resistance  encountered  is  on  the  upper  surfaces  of  the 
screw-flanges,  aud  is  doubtless  due  to  the  friction  caused  by  the  direct 
weight  of  the  superimposed  cone  of  sand  and  to  the  opposition  of  a 
component  of  this  weight  to  the  motion  of  the  screw-flanges. 

It  was  thought  that  should  a  jet  of  water  be  forced  on  the  upper 
surfaces  of  the  screw-flanges  it  would  accomplish  the  more  complete 
liquidity  of  the  sand  above  the  screw,  and  change  the  volume  of 
pressure  on  the  flanges  from  that  of  an  inverted  cone  to  that  of  a 
cylinder  the  diameter  of  which  would  be  equal  to  that  of  the  smaller 
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face  of  the  frustum.  Streams  of  water  through  two  lj-incb  iron 
pipes  were  led  directly  upon  the  upper  surfaces  of  the  screw-flanges, 
and  the  hitherto  great  resistance  to  screwing  down  the  piles  at  once 
ceased.  A  subsequent  determination  of  resistances  to  screwing  down 
the  piles  developed  the  fact  that  nine-tenths  of  the  resistance  disap- 
peared upon  the  proper  application  of  the  water-jet  to  the  upper 
surfaces  of  the  screw-flanges.  Through  the  aid  of  this  application  of 
the  water-jet  it  became  possible  "  to  settle  the  screw-piles  as  deeply  as 
was  deemed  necessary  in  a  bottom  where,  without  the  jet,  the  strongest 
iron  screws  were  broken  as  though  they  had  been  of  glass,  when  main 
force  alone  was  used  in  an  unsuccessful  effort  to  sink  them  more  than 
4  feet/'  From  the  experience  gained  on  this  work  it  was  inferred 
that  with  the  aid  of  the  jet  there  would  be  no  great  difficulty  in  pene- 
trating to  a  depth  of  20  feet,  since  the  last  foot  of  work  in  penetrating 
12  feet  was  accomplished,  seemingly,  as  easily  as  the  first  foot  of  the 
same  stratum.  Subsequently,  when  it  became  necessary  to  remove 
some  of  the  piles,  the  application  of  the  water-jet  to  the  upper  face  of 
the  screw  reudered  its  removal  quite  easy,  when  previous  efforts  by 
backing  the  screw  or  raising  the  pile  bodily  had  proved  unsuccessful. 

In  1873,  C.  C.  Martin,  C.  E.,  Superintending  Engineer  of  the 
New  York  and  Brooklyn  Bridge,  made  the  following  application  of 
the  water-jet  in  placing  sheet-piling :  The  sheet-planks  were  8  by  2 
inches,  and  it  was  found  that  from  30  to  40  blows  were  required  to 
drive  a  plank  1  inch.  It  was  then  concluded  that  the  water-jet 
might  aid  the  descent  of  the  sheet-plank.  A  f-incb  hose  was  attached 
to  a  f-incb  iron  pipe  about  3  feet  in  length.  This  pipe  was  intro- 
duced along  the  side  of  the  sheet-plank,  and  the  water  from  a  city 
hydrant — with  a  pressure  of  about  50  pounds  per  square  inch — was 
turned  on ;  this  loosened  the  sand,  and  the  pile  was  driven  easily. 
The  following  comparative  results  will  show  the  effective  action  of 
the  water-jet:  A  sheet-plank  without  the  aid  of  the  jet  required  392 
blows  to  drive  the  plank  10  inches  in  eighteen  minutes;  while  by  the 
aid  of  the  jet  another  plank,  similarly  placed,  required  93  blows  to 
drive  the  plank  17£  inches  iu  two  minutes. 

In  1874,  G.  Jordan,  C.  E.,  in  the  construction  of  the  piers  for  a 
bridge  over  the  Tensas  River,  Ala.,  made  use  of  large  iron  cylinders, 
from  4  to  6  feet  in  diameter,  which  were  sunk  to  the  required  depth 
by  the  aid  of  a  series  of  jets  applied  concentrically  with  the  inner 
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sides  of  the  cylinders,  and  discharging  from  vertical  pipes  at  the  lower 
edge  of  the  cylinders. 

In  1875,  Mr.  C.  Fitzsimmons  applied  the  water-jet  to  facilitate  the 
sinking  of  the  shafts  of  the  Fullerton  Avenue  conduit,  Chicago. 
The  brick-work  was  built  on  an  iron  shoe  and  sunk  from  the  surface 
of  the  ground ;  at  times  the  pressure  of  the  sand  against  the  sides  of 
the  shaft  was  so  great  as  to  prevent  its  sinking.  The  application  of 
the  water-jet  along  the  sides  of  the  shaft  diminished  the  resistance  and 
greatly  facilitated  its  descent. 

In  1877,  Messrs.  Stocklin  &  Vetelart,  contractors  for  the  enlarge- 
ment of  Calais  Harbor,  France,  used  the  water-jet  in  combination 
with  an  ordinary  pile-driver  under  the  following  circumstances: 
Guide-piles  9  inches  square  and  placed  6|  feet  apart  were  driven  10 
feet  into  the  bottom;  between  the  guide-piles  sheathing  planks,  4 
inches  thick,  were  driven  to  a  depth  of  8  feet.  The  pile-driver  ram 
weighed  1200  pounds  and  could  be  given  a  fall  of  6  feet.  The  water 
was  injected  from  two  pipes,  one  on  each  side  of  the  pile,  their  orifices 
being  about  one  foot  below  the  point  of  the  pile.  The  pipes  were 
kept  as  nearly  vertical  as  possible  and  in  constant  motion.  Without 
the  aid  of  the  jet  185  blows  were  required  to  drive  a  guide-pile  10 
feet,  and  900  blows  were  required  to  drive  a  panel  (6 \  feet)  of  sheet- 
plank  to  a  depth  of  8  feet.  The  time  required  for  pitching  and 
driving  a  panel  was  eight  hours  and  thirty-six  minutes.  By  the  aid 
of  the  water-jet  the  number  of  blows  required  for  a  panel  was  from  0 
to  50,  and  the  time  one  hour  and  nine  minutes.  The  system  was  said 
to  have  the  additional  advantage  of  permitting  the  sheathing  to  be 
placed  much  closer  and  in  better  alinement  than  could  be  done  by  the 
hammer  alone. 

At  many  of  the  harbors  on  the  Great  Lakes  the  piers,  extending 
from  the  shore-line  to  about  the  12-foot  curve,  consist  of  two  parallel 
rows  of  round  piles,  14  feet  apart.  The  piles  of  each  row  are  driven 
quite  closely  together,  cut  off  at  the  surface  of  the  water,  and  sur- 
mounted by  a  timber  superstructure  about  5  feet  in  height.  The 
filling  of  these  piers  consists  of  brush,  slabs,  and  stone.  Experience 
demonstrates  that  such  piers  readily  permit  the  passage  of  saud  through 
them  from  the  outside  into  the  channel  between  the  piers,  rendering 
necessary  some  subsequent  device  to  make  them  sand-tight  The 
harbors  at  Two  Rivers,  Ahnapee,  and  Sturgeon  Bay,  Lake  Michigan, 
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were  formed  in  part  by  piers  constructed  as  just  described.  In  1878, 
Major  H.  M.  Robert,  whose  district  embraced  the  harbors  mentioned, 
after  a  careful  examination  of  possible  expedients  for  rendering  them 
sand-tight,  decided  to  place  close  sheet-piling  along  the  side  of  the 
pile-piers,  and  the  duty  of  determining  the  best  method  for  driving 
this  sheet-piling,  so  as  to  secure  the  objects  sought,  was  assigned  to 
me;  and  without  knowledge  of  the  prior  use  of  the  water-jet  for  such 
purposes  I  decided  to  try  it  upon  the  work  in  hand.  The  work  was 
begun  in  the  fall  of  1878  and  continued  during  the  seasons  of  1879 
and  1880.  The  amount  of  pile-pier  revetted  with  sheet-piling  by  the 
use  of  the  water-jet  was  nearly  4100  linear  feet,  and  it  is  believed 
that  the  methods  adopted  and  the  results  obtained  justify  detailed 
description.  The  general  method  of  construction  was  as  follows :  The 
sheet- pile  revetment  consisted  of  a  double  row  of  planks,  each  3  inches 
in  thick ness,  12  inches  iu  width,  and  18  feet  in  length;  the  planks 
breaking  joints  with  one  another  and  extending  from  the  top  of  the 
superstructure  to  13  feet  below  the  water-surface ;  secured  to  the  pile- 
pier  by  an  oak  wale  6  by  12  inches,  placed  at  the  water-surface,  and  a 
pine  wale  8  by  12  inches,  along  the  top  of  the  superstructure;  the 
wales  were  attached  to  the  timber- work  of  the  superstructure  by  1|- 
inch  screw-bolts.  The  sheet-piling  was  generally  placed  along  the 
harbor  side  of  the  piers.  The  general  depth  of  water  along  the  piers 
was  from  2  to  11  feet,  so  that  the  plank  was  sunk  from  11  to  2  feet 
into  the  lake  bottom ;  the  material  into  which  the  sheet-piling  was 
driven  was  generally  sand ;  in  a  few  instauces  small  quantities  of  clay 
or  gravel  occurred.  Since  the  object  of  the  sheet-pile  revetment  was 
to  render  the  piers  impervious  to  sand,  it  was  of  the  first  importance 
that  the  sheet-piles  should  be  in  intimate  contact,  and  free  from  the 
openings  which  occur  in  sheet-piling  placed  by  the  usual  methods.  It 
was  considered  that  the  water-jet  furnished  a  method  for  placing  the 
sheet-piles  so  that  they  would  be  practically  sand-tight;  the  results 
accomplished  justified  these  anticipations.  The  work  at  first  under- 
taken was  to  a  certain  extent  tentative,  but,  as  it  progressed,  experience 
indicated  modifications  of  the  original  conception,  which  grew  into  the 
methods  from  which  the  best  results  were  obtained. 

The  plant  consisted  of  a  vertical  tubular  boiler,  with  an  attached 
engine  having  an  8-by-l 2-inch  cylinder,  and  giving  about  130  revo- 
lutions per  minute  to  a  42-inch  driving-wheel.     A  No.  4  Holly  rotary 
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pump,  with  an  18-inch  pulley,  was  attached  by  a  belt  to  the  driving- 
wheel  of  the  engine,  giving  about  300  revolutions  per  minute  to  the 
pump.     The  rotary  pump  was  selected  for  the  following  reasons: 

1.  Its  small  cost  when  compared  with  a  direct-acting  steam-pump 
of  equal  capacity. 

2.  The  action  of  the  jet  surcharged  the  water  in  the  vicinity  of  the 
pump  suction  with  sand ;  this  would  have  proved  highly  destructive 
to  the  cylinders  of  a  direct-acting  pump,  or  else  would  have  rendered 
necessary  a  troublesome  method  of  compensation. 

The  rotary  pump,  by  an  easy  and  permanent  device,  allows  for  the 
wear  incident  to  the  use  of  sandy  water.  The  pump  was  supplied 
with  a  4-inch  suction,  and  discharged  through  a  3-inch  hose  about 
50  feet  in  length.  The  hose  was  provided  with  a  nozle  3  feet  in 
length  and  2  inches  in  diameter. 

The  engine  was  provided  with  a  hoisting  drum  capable  of  giving 
motion  to  an  1800-pound  hammer,  moving  in  the  leaders  24  feet  in 
height.  The  boiler,  engine,  pump,  and  pile-driver  were  mounted  on 
a  platform  12  feet  wide  and  24  feet  in  length,  carried  on  wooden 
rollers,  which  admitted  of  its  being  readily  moved  backward  or  for- 
ward along  the  top  of  the  pier  as  occasion  required.  From  the  main 
platform  a  smaller  platform,  about  6  feet  wide  and  10  feet  long,  was 
suspended  so  as  to  be  about  one  foot  above  the  water-surface,  allowing 
ready  access  to  the  face  of  the  pier. 

The  previously  described  nozle  was  securely  attached  to  the  end  of 
a  pole  about  2  inches  in  diameter  and  18  feet  in  length  ;  the  pole  being 
used  to  guide  the  jet  into  place  and  to  force  it  into  the  sand.  Ordi- 
narily the  weight  of  a  man,  standing  upon  the  top  of  the  sheet-pile, 
was  sufficient  to  force  the  pile  entirely  down  into  place,  though  some- 
times it  was  necessary  for  one  of  the  men  on  the  suspended  platform  to 
assist  him  by  pressing  on  the  head  of  the  sheet-pile  with  a  handspike 
or  lever. 

The  jet  became  almost  powerless  when  required  to  force  its  way 
through  drift-wood,  chips,  sunken  logs,  or  stone;  and,  since  such 
obstructions  generally  existed  along  the  side  of  the  piers,  it  was  found 
necessary  to  remove  them  by  dredging  a  narrow  cut  close  to  the  pier. 
No  effort  was  made  to  utilize  the  increased  depth  of  water  obtainable 
immediately  after  dredging,  since,  in  sand  clear  of  obstructions,  such 
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as  are  mentioned  above,  the  jet  permits  the  placing  of  the  sheet-plank 
in  8  feet  of  sand  as  readily  as  in  a  lesser  depth. 

The  sheet-piles  did  not  generally  require  sharpening;  experience 
developing  the  fact  that  the  piles  were  placed  neither  more  rapidly 
nor  in  better  position  by  being  sharpened.  The  pile-hammer  pre- 
viously described  was  seldom  used — not  more  than  one  plank  in  a 
hundred  requiring  its  assistance.  This  adds  largely  to  the  value  of 
the  water-jet,  since  in  driving  sheet-piles  through  sand  by  the  hammer, 
oak,  or  timber  equally  capable  of  resisting  the  destructive  effect  of 
impact,  would  be  required ;  by  using  the  water-jet  the  necessity  for 
the  hammer  is  removed,  and  pine  timber  can  be  substituted  for  oak, 
reducing  thereby  the  cost  of  the  timber  item  about  one-half. 

In  1880  an  application  of  the  water-jet  was  made  by  C.  Macdon- 
ald,  C.  E.,  president  of  the  Delaware  Bridge  Company,  in  building 
the  iron  ocean-pier  at  Coney  Island.  The  following  brief  description 
of  the  methods  used  and  results  obtained  ig  of  interest.  The  pier 
was  built  to  furnish  means  of  landing  from  steamers  and  to  afford 
increased  facilities  for  promenades  at  Coney  Island  beach.  The  pier 
was  supported  on  hollow  wrought-iron  piles  8f  inches  outside  diam- 
eter, metal  }  inch  in  thickness.  The  bases  of  the  piles  were  provided 
with  cast-iron  disks  2  feet  in  diameter  and  9  inches  deep,  through 
which  was  an  opening  2  inches  in  diameter  for  the  passage  of  the 
water-jet.     The  piles  were  sunk  from  10  to  17  feet  into  the  sand  : 

"In  the  operation  of  sinking  the  piles  the  water-jet  was  applied 
through  a  pipe  1 J  inches  in  diameter,  extending  through  the  pile  and 
disk,  and  about  2  inches  beyond.  The  pumping-plant  consisted  of  a 
Worthington  pump  with  a  steam-cylinder  12  by  8J  inches,  and  a 
water-cylinder  8J  by  7£  inches.  Also  a  No.  6  Cameron  pump  with  a 
10-by-9-inch  steam-  and  a  10-by-6-inch  water-cylinder.  The  suction- 
pipes  were  4  inches  in  diameter  and  the  discharging  hose  was  3  inches 
in  diameter.  The  boiler  was  upright,  42  inches  in  diameter,  8  feet 
high,  and  containing  62  tubes  2  inches  in  diameter. 

"  With  the  appliances  described  it  was  found  that  piles  could  be 
driven  in  clear  sand  at  the  rate  of  3  feet  per  minute  to  a  depth  of 
12  feet;  after  that  the  rate  of  progress  gradually  diminished  until  at 
18  feet  a  limit  was  reached  beyond  which  it  was  impracticable  to  go 
without  considerable  loss  of  time. 

"  A  few  disks  2£  feet  in  diameter  were  tried,  but  much  more  time 
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was  required  in  sinking  them.  One  3-foot  disk  caused  a  delay  of  six 
hours  in  sinking  15  feet  through  very  uniform  sand." 

The  experiment  was  made — late  in  the  progress  of  the  work — of 
forcing  the  water  directly  through  the  pile  instead  of  through  the 
inner  pipe,  previously  referred  to;  so  that  the  water  from  the  pump 
was  discharged  from  the  bottom  of  the  pile  through  a  2-inch  opening. 
"  In  this  case  the  pile  sank  much  more  rapidly  than  before/'  and  the 
pressure  on  the  hose  indicated  that  the  resistance  to  discharge  was 
materially  reduced. 

Upon  one  or  two  occasions  it  became  necessary  to  raise  piles  which, 
by  mistake,  had  been  driven  to  a  greater  depth  than  required  and 
allowed  to  become  firmly  settled.  This  was  accomplished  by  passing 
a  jet  down  and  around  the  outside  of  the  pile  until  the  disk  was 
reached,  when  the  pile  was  easily  raised  by  the  blocks  attached  to  the 
hoisting  engine,  and  finally  secured  at  the  proper  level. 

The  limit  of  safe  loading  for  piles  of  this  character  has  l>een 
assumed  to  be  5  tons  per  square  foot  of  disk.  Many  of  these  piles 
sustain  a  load,  due  to  structure  alone,  of  6.3  tons  per  square  foot  of 
disk ;  to  this  must  be  added  the  weight  of  masses  of  people  and 
exceptional  local  loads,  which  have,  in  some  cases,  increased  the 
pressure  upon  the  disk  to  8  tons  per  square  foot,  without  causing  any 
settlement  which  can  be  detected  by  the  eye.  This  extreme  practice 
is  not  recommended  where  absolute  rigidity  of  foundation  is  re- 
quired. 

It  frequently  happened  that  the  pile  would  bring  up  on  some 
tenacious  material,  which  was  assumed  to  be  clay,  and  through  which 
the  jet  unaided  could  not  be  made  to  force  a  passage.  In  such  cases 
it  was  found  that  by  raising  the  pile  about  6  inches  and  allowing  it 
to  drop  suddenly,  with  the  jet  still  in  operation,  and  repeating  as 
rapidly  as  possible,  the  obstruction  was  finally  overcome;  although 
in  some  instances  five  or  six  hours  were  consumed  in  sinking  as  many 
feet.  The  deposits  thus  retarding  the  action  of  the  jet  were  assumed 
to  be  clay  pockets. 

"  The  wooden  piles  around  the  pier-head  were  driven  by  a  water- 
jet  ;  the  l£-inch  tube,  previously  used  for  the  iron  piles,  was  lashed 
to  the  side  of  the  wooden  pile  at  the  top,  and  held  in  place  at  the 
bottom  by  cleats  nailed  to  the  sides  of  the  piles.  It  was  not  found 
necessary  to  curve  the  pipe  so  as  to  bring  the  jet  under  the  center  of 
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the  piles.  They  did  not  manifest  any  tendency  to  work  over  to  the 
side  on  which  the  tube  was  secured.  These  piles  were  of  pine  oak 
and  were  settled  to  a  depth  of  12  feet  without  the  aid  of  a  hammer; 
but  much  time  would  be  saved  by  the  use  of  a  regular  pile-driver  in 
connection  with  the  water-jet  where  lighter  piles  are  used  or  greater 
depths  required." 

In  the  improvement  of  the  Mississippi  and  Missouri  Rivers  large 
numbers  of  piles  have  been  driven  for  the  construction  of  the  brush- 
and  pile-dikes,  and  in  the  sinking  of  these  piles  the  water-jet  has 
been  in  use  since  1881.  A  great  variety  of  experiments  were  under- 
taken upon  this  work  to  establish  the  best  details  for  the  use  of  the 
jet ;  this  experience  demonstrated  certain  fundamental  principles  as 
contributing  essentially  to  the  best  results,  prominent  among  which 
were  the  following : 

That  the  water-jet  can  not  be  relied  upon  to  give  satisfactory  results 
in  material  containing  a  large  percentage  of  gravel ;  that  it  should  be 
capable  of  such  concentration  of  its  force  as  will  permit  the  stream  to 
be  delivered  through  a  nozle  not  more  than  1|  inches  in  diameter, 
and  frequently  somewhat  less,  and  with  pump  power  capable  of  giving 
a  nozle-pressure  of  from  75  to  150  pounds  per  square  inch ;  that  in 
sand  free  from  gravel  the  best  results  are  obtained  with  the  larger 
nozle  and  reduced  pressure,  while  the  presence  of  gravel  required  the 
smaller  nozle  and  higher  pressure. 

Generally,  upon  the  work  at  the  localities  referred  to,  the  wrought- 
iron  pipe  connecting  the  nozle  with  the  hose  was  attached  to  the  side 
of  the  pile  by  two  light  staples,  the  lower  one  about  2  feet  above  the 
point  of  the  pile,  and  the  upper  staple  near  the  top  of  the  pile,  with 
the  nozle  of  the  jet,  which  was  simply  a  short  piece  of  pipe,  projecting 
from  6  inches  to  1  foot  below  the  point  of  the  pile.  After  the  pile 
was  in  place  the  jet-pipe  and  attached  nozle  were  detached  from  the 
pile  by  forcibly  withdrawing  the  pipe  from  the  staples  by  a  light 
block  and  fall.  In  some  cases  the  jet-pipe  was  not  attached  to  the 
pile,  but  was  worked  up  and  down  alongside  of  the  pile  as  it 
descended. 

It  was  found  that  the  turning  and  shaking  of  the  pile  facilitated 
its  descent ;  when  this  failed,  the  pile-hammer  was  lowered  upon  the 
pile,  and  either  under  its  weight,  or  by  light  blows  with  about  a  2-foot 
fall,  the  pile  was  driven  to  its  final  penetration.     Upon  the  work 
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under  consideration  the  piles  were  generally  driven  butts  down,  and 
were  very  bluntly  sharpened,  if  at  all.  These  piles  were  subjected  to 
severe  lateral  strain  by  the  currents,  and  therefore  the  butt  ends  were 
driven  for  the  purpose  of  giving  the  pile  the  greatest  possible  diameter 
where  it  entered  the  ground. 

An  engineer  upon  this  work  states  that  the  piles  were  usually  driven 
from  13  to  20  feet  into  the  river-bed,  and  that  the  actual  time  of 
driving  was  about  four  minutes  each,  though  not  more  than  half  of 
this  time  was  required  when  the  resistances  to  the  pile  were  small ; 
the  first  10  feet  being  frequently  driven  in  less  than  one  minute.  In 
a  short  time  after  the  piles  had  been  sunk  the  sand  settled  firmly 
around  them,  and  they  became  as  securely  fixed  as  though  driven  by 
a  drop-hammer. 

Various  suggestions  and  experiments  have  been  made  relative  to 
securing  the  action  of  the  water-jet  on  a  line  coincident  with  the  ver- 
tical axis  of  the  pile,  and  while  such  efforts  have  been  ingenious, 
experience  has  demonstrated  that  they  did  not  secure  greater  efficiency 
than  that  obtained  by  placing  the  jet  alongside  of  the  pile  in  the 
manner  previously  described. 

It  is  not  to  be  assumed  that  the  water-jet  is  the  best  method  to  be 
adopted  in  all,  or  even  a  majority  of,  cases  where  piles  are  to  be 
driven ;  but  in  suitable  soils  it  may  properly  supplement  the  ordinary 
method,  with  marked  advantage.  With  piles  which  are  required  to 
carry  considerable  vertical  loads  the  action  of  the  hammer  should  be 
relied  upon  to  determine  the  ultimate  refusal  of  the  pile.  The  water- 
jet  permits  the  piles  to  be  placed  with  more  exactness  as  to  position 
than  the  ordinary  method;  and  in  driving  sheet-piling  an  intimate 
contact  between  the  several  piles  can  be  secured.  This  can  not  be 
secured  by  the  ordinary  method  in  driving  sheet-piling  in  sandy  soils. 

In  driving  piles  into  or  through  heavy  material  underlying  a  con- 
siderable depth  of  sand  the  use  of  the  water-jet  will  temporarily 
remove  the  frictional  resistance  of  that  part  of  the  pile  passing  through 
the  sand,  and  thereby  permit  the  hammer  to  concentrate  its  work 
upon  the  penetration  of  the  pile  into  the  heavy  material  below  the 
sand,  when  without  the  use  of  the  jet  this  frictional  resistance  of  the 
sand  would  cause  the  pile  to  declare  refusal  at  a  less  depth  of  pene- 
tration into  the  lower  stratum  of  heavy  material. 

Again,  the  use  of  the  water-jet  largely  removes  the  destructive 
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effect  of  the  hammer-blows  upon  the  material  of  the  pile,  and  leaves 
its  fiber  in  a  better  condition  to  resist  both  stress  and  decay.  For  the 
same  reason  it  permits  the  use  of  piles  of  soft  wood,  where  otherwise 
hard-wood  piles  would  be  required  to  withstand  the  hammer-blows  in 
heavy  driving ;  this  frequently  is  a  marked  economy  in  the  cost  of 
the  work. 

The  injury  of  piles  by  excessive  or  improper  driving  deserves  pass- 
ing notice.  My  conclusion,  from  quite  a  large  experience,  is  that 
more  piles  are  dangerously  injured  by  overdriving  or  improper  driv- 
ing from  excessive  weights  of  hammer  and  undue  heights  of  falls 
than  are  rendered  unsafe  through  insufficient  driving.  The  usual 
practice  is  to  fix  upon  the  increment  of  movement  of  the  pile  under 
the  final  blows  of  the  hammer,  and  then  to  intrust  the  determination 
of  the  question  of  when  to  cease  driving  to  the  judgment  of  an  inex- 
perienced inspector ;  and  too  frequently,  in  the  judgment  of  parties 
most  in  interest,  almost  any  one  can  superintend  pile-driving.  This 
is  a  grave  error;  for  large  experience  in  the  details  of  pile-driving, 
joined  with  rather  an  unusual  amount  of  common  sense,  care,  observa- 
tion, and  judgment,  are  the  essential  requisites  of  one  to  whom  is 
intrusted  the  duty  of  a  proper  supervision  of  such  work.  The  broom- 
ing of  piles  at  their  points  or  the  crushing  of  the  heads  is  often 
accepted  as  evidence  of  penetration,  and  the  driving  is  persevered  in 
until  the  pile  is  either  broken  or  seriously  impaired  in  strength. 

The  general  principle  upon  which  the  efficiency  of  the  jet  in  sink- 
ing piles  depends  is  the  increased  fluidity  given  to  the  material  into 
which  the  piles  are  sunk.  The  actual  displacement  of  material  is 
small,  and  for  this  reason  the  engine,  pump,  hose,  and  nozle  should 
be  arranged  to  deliver  large  quantities  of  water  with  a  moderate  force, 
rather  than  small  quantities  with  high  initial  velocity.  In  gravel,  or 
in  sand  containing  considerable  gravel,  some  benefit  might  result  from 
a  high  and  concentrated  velocity,  sufficient  to  displace  absolutely  the 
pebbles  and  to  drive  them  from  the  vicinity  of  the  pile ;  but  it  is 
evident  that  any  practicable  velocity  would  be  powerless  in  gravel 
except  for  a  very  limited  depth  or  when  circumstances  favored  the 
prompt  removal  of  the  pebbles. 

The  error  most  frequently  made  in  the  application  of  the  water-jet 
is  the  insufficient  capacity  of  the  pumps  employed.  In  almost  every 
application  referred  to  in  the  early  history  of  pile-driving  by  the  aid 
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of  the  jet  the  efficiency  of  the  method  would  have  been  largely 
increased  if  the  pumps  and  hose  had  been  of  much  greater  capacity. 
It  is  also  highly  probable  that  the  rude  iron  nozles  generally  used 
could,  with  advantage,  be  replaced  by  nozles  constructed  and  propor- 
tioned so  as  to  give  as  nearly  as  possible  perfect  contraction  to  the 
fluid  vein. 

The  water-jet  also  finds  a  valuable  application  in  making  borings 
through  earthy  materials  to  determine  their  character  and  extent,  but 
the  limitations  of  the  method  are  determined  by  the  character  of  the 
material.  In  mud,  sand,  or  soft  clay,  or  in  mixtures  of  these,  the 
water-jet  quickly  forces  its  way  through ;  while  in  hard  clay,  heavy 
gravel,  or  boulders  its  efficiency  is  small.  In  the  softer  class  of 
materials  named  the  writer  has  carried  borings  to  a  depth  of  90  feet, 
and  the  descent  of  the  jet  was  accomplished  nearly  as  rapidly  as  the 
successive  lengths  of  pipe  could  be  screwed  together.  In  sand  or  soft 
clay  the  rate  of  penetration  would  be  slower  and  more  limited  in  extent. 

In  borings  through  sand  in  which  gravel  either  occurs  in  layers  or 
mixed  with  the  sand  the  water-jet  should  be  used  inside  of  a  second 
pipe,  which  is  forced  down  evenly  with  the  jet.  In  this  manner  a  jet 
through  a  1  J-inch  gas-pipe  carried  inside  of  a  2£-inch  pipe  will  force 
the  sand,  clay,  and  small  stones  upward  through  the  larger  pipe,  and 
so  permit  its  passage  downward.  Stones  too  large  to  be  lifted  in  the 
outer  pipe  will  finally  collect  at  the  bottom  of  the  hole  and  arrest  the 
descent  of  the  outer  pipe.  In  such  a  case  they  may  be  removed  by 
an  auger  inserted  in  the  larger  pipe  after  the  withdrawal  of  the  jet,  or 
they  may  be  forced  aside  by  the  insertion  of  chisel-shaped  drills,  after 
which  the  forcing  down  of  the  larger  pipe  may  be  continued  by  the 
water-jet.  By  this  method  borings  have  been  carried  through  75  feet 
of  the  material  described. 

Upon  five  of  the  hydraulic  dredges  recently  built  by  the  Govern- 
ment for  the  improvement  of  the  Mississippi  River  the  water-jet  is 
efficiently  used  for  the  purpose  of  stirring  the  sand  to  be  removed, 
and  thereby  more  readily  bringing  the  material  under  the  influence  of 
the  powerful  suction  and  discharge  pipes,  which  finally  carry  away  the 
sand  mixed  with  water.  These  dredges  will  form  a  cut  35  to  40  feet 
wide,  and  in  some  cases  6  feet  deep,  by  the  continuous  forward  move- 
ment of  the  dredge ;  removing  at  the  rate  of  4000  cubic  yards  or 
more  of  sand  per  hour. 
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Upon  these  dredges  the  agitation  of  the  material  so  as  to  bring  it 
within  the  influence  of  the  suction  pipes  is  accomplished  by  a  series 
of  water-jets,  from  2£  to  3  inches  in  diameter  at  the  nozle  ends,  under 
a  moderate  pressure  of  from  10  to  15  pounds  per  square  inch.  In 
the  first  use  of  the  water-jet  upon  these  dredges  smaller  nozles  in 
greater  number,  and  with  pressures  of  100  pounds  per  square  inch, 
were  used ;  but  the  results  from  these  were  not  so  satisfactory  as  those 
obtained  from  larger  nozles  with  moderate  pressure. 

The  pumps  supplying  water  for  these  jets  are  of  the  centrifugal 
type,  on  account  mainly  of  the  excessive  wear  which  would  result  to 
the  water-cylinders  of  direct-acting  steam-pumps  from  the  water  being 
surcharged  with  sand.  The  action  of  these  jets  is  superficial  and  the 
sand  is  easily  lifted;  therefore  the  nozle  pressures  are  low.  This 
method  of  stirring  the  material  to  be  removed  by  hydraulic  dredges, 
through  the  action  of  the  water-jet,  has  been  found  to  be  more  efficient 
upon  the  sands  of  the  Mississippi  River  than  the  action  of  mechanical 
agitators. 

The  use  in  California  of  the  water-jet  in  hydraulic  mining  may  be 
referred  to  as  the  most  powerful  application  of  the  method.  In  the 
enormous  deposits  of  clay,  sand,  gravel,  and  boulders  found  in  the 
upper  parts  of  the  glacial  valleys  of  California,  gold  occurs  in 
quantities  which  make  the  detritus  profitable  if  the  material  can  be 
worked  in  large  quantities  at  a  very  low  cost.  To  accomplish  this, 
water  is  brought  in  closed  conduits  from  elevations,  in  some  cases  hun- 
dreds of  feet  above  the  material  from  which  the  gold  is  to  be  extracted, 
and  through  powerful  jets  directed  against  the  gravel  banks  the  mate- 
rial is  broken  up  and  conveyed  through  sluices  to  the  dumps;  the 
gold  being  collected  in  the  sluices. 

The  nozles  of  the  larger  jets  are  from  8  to  9  inches  in  diameter, 
discharging  with  a  velocity  of  from  150  to  175  feet  per  second,  and 
carrying  from  1,500,000  to  2,000,000  gallons  of  water  per  hour.  The 
force  of  these  jets  is  sufficient  to  break  up  and  wash  away  any  mate- 
rial except  solid  rock  and  very  large  boulders. 

The  grades  of  the  sluices  which  carry  the  gravel  away  from  jets 
vary  with  the  nature  of  the  ground,  but  in  those  of  an  average  grade 
2250  cubic  feet  of  water  will  carry  14,000  pounds  of  gravel,  or  about 
10  per  cent,  of  the  weight  of  the  water.  The  grade  of  these  sluices 
varies  from  about  3£  per  cent,  to  7  per  cent.  Ou  the  Yuba  River 
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alone  it  was  estimated  that  in  1880  about  19,400,000  cubic  yards  of 
gravel  were  handled  per  year. 

By  this  application  of  the  water-jet  it  is  considered  that  hydraulic, 
mining  can  be  carried  on  at  a  fair  profit  when  the  material  yields  as 
low  an  average  as  three  or  four  cents  per  cubic  yard  of  material  han- 
dled. 

A  modified  application  of  the  foregoing  is  the  use  of  the  water-jet 
in  hydraulic  grading.  On  the  Mississippi  and  Missouri  Rivers  it 
became  necessary,  at  points,  to  prevent  the  banks  from  caving  and 
thereby  contributing  large  volumes  of  material  for  the  formation  of 
bars.  This  protection  was  obtained  by  grading  the  banks,  at  neces- 
sary localities,  to  a  slope  of  1  on  2,  or  1  on  3,  from  their  tops  to  low- 
water  line,  and  protecting  the  slope  by  woven  brush  mattresses  firmly 
attached  to  the  slopes. 

In  some  cases  these  banks  were  quite  heavily  timbered,  and  15  to 
20  feet  high,  composed  of  layers  of  black  soil  overlaying  strata  of 
clay,  loam,  or  sand  varying  from  3  to  8  feet  in  thickness.  The 
hydraulic  grading  was  accomplished  by  beginning  at  the  top  of  the 
slope  and  carrying  to  the  water-line  successive  parts  of  the  bank.  The 
water-jet  was  supplied  with  a  suitable  pump  discharging  through  a  5- 
or  6-inch  pipe  connected  with  a  flexible  hose,  and  a  water-jet  with  a 
nozle  about  1^-  inches  in  diameter ;  the  nozle-pressures  were  from  75 
to  80  pounds  per  square  inch. 

Under  favorable  conditions  6000  cubic  yards  of  material  were  han- 
dled in  a  day  of  twelve  hours.  In  one  case  7000  linear  feet  of  bank, 
containing  about  100,000  cubic  yards  of  material,  were  graded  at  a 
cost  of  1^  cents  per  cubic  yard ;  in  another  case  the  cost  of  handling 
about  an  equal  quantity  of  material  was  1-^  cents  per  cubic  yard. 
The  same  grading,  when  done  by  shovels  and  scrapers,  cost  from  10 
to  12  cents  per  cubic  yard. 

In  this  r6sura6  of  the  application  of  the  water-jet  to  the  work  of 
the  engineer,  the  effort  has  not  been  made  to  collate  all  known  appli- 
cations, except  in  the  history  of  its  early  development,  but  simply  to 
refer  to  typical  cases  in  which  its  use  has  been  followed  by  satisfactory 
results. 

Apart  from  the  possible  value  of  suggestions  herein  contained  to 
members  of  the  Club  who  ate  not  familiar  with  all  these  applications 
of  the  water-jet,  this  paper  may  serve  to  place  on  record  interesting 
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data  relating  to  the  early  history  of  this  engineering  appliance;  and 
with  these  ends  in  view  this  paper  is  submitted. 


DISCUSSION. 

George  C.  Davis. — I  have  seen  recently  a  notice  of  the  use  of  the  water- 
jet  for  sinking  a  ship's  anchor.  I  wish  to  ask  if  Mr.  Schermerhorn  has  any 
knowledge  of  that  application  ? 

Ma.  Schermerhorn. — I  know  of  the  application  of  the  water-jet  for  sinking 
mushroom  anchors  for  the  purpose  of  harbor  anchorage.  At  Daiquiri  Bay,  on 
the  south  coast  of  Cuba, — twenty-five  miles  east  of  Santiago, — some  years  ago 
it  was  necessary  to  furnish  heavy  moorings  outside  of  the  ore  dock.  They  used 
very  large  anchors,  the  mushroom  being  8  feet  in  diameter.  These  were  sunk  by 
the  water-jet  discharging  through  the  shank  of  the  mushroom,  whereby  the  mush- 
room was  sunk  into  the  mud  to  a  depth  of  from  14  to  16  feet.  I  have  known  of 
the  sinking  of  anchors  for  channel  buoys  by  a  similar  method.  I  referred  to  the 
overdriving  of  piles,  and  I  thought  that  the  subject  would  bring  out  remarks 
from  some  of  the  members  present.  I  made  a  rather  bold  statement  when  I 
said  that  more  piles  suffered  from  overdriving  than  underdriving,  and  I  am  in- 
clined to  think  that  this  experience  is  not  entirely  confined  to  myself.  In  talking 
with  engineers  who  have  had  large  experience  in  the  use  of  piles  I  find  that  they 
sympathize  with  me  in  what  I  call  overdriving  of  the  piles.  I  have  more  than 
once  watched  piles  being  driven  under  a  hammer  of  3500  pounds,  and  in  this 
city  I  have  seen  such  a  hammer  drop  60  feet  on  top  of  a  pile  which  was  practi- 
cally at  refusal.  When  the  pile  moved,  it  went  by  breaking.  The  foreman  of 
the  pile-driver  knew  very  well  that  he  had  encountered  no  soft  layer  of  material. 
If  the  majority  of  experienced  foremen  of  pile-drivers  could  give  their  opinions 
on  the  subject,  they  would  state  that  in  their  experience  in  driving  piles  in  hard 
bottom  they  are  quite  frequently  forced  to  continue  the  driving  until  they  know 
they  have  broken  the  piles  at  some  point  above  the  bottom,  and  that  point  may 
not  be  many  feet  below  the  surface.  I  once  saw  driving  for  a  very  important 
foundation,  where  I  felt  perfectly  sure  that  nearly  every  pile  was  broken  before 
the  inspector  accepted  it  as  having  been  driven  to  refusal.  In  some  cases  those 
piles  were  doubtless  broken  twice,  and  even  three  times,  by  successive  slabbing 
of  the  piles.  That  is  a  vicious  practice,  and  it  arises  from  lack  of  experience  on 
the  part  of  the  inspector.  As  I  said  before,  many  engineers  believe  that  almost 
any  one  can  stand  by  and  determine  when  the  driving  should  stop,  noting  refusal, 
or  the  amount  the  pile  sinks,  by  the  last  few  blows  of  the  hammer  and  simply 
applying  the  rule  of  the  specifications  and  insisting  upon  its  being  done,  abso- 
lutely ruining  the  object  for  which  the  piles  are  supplied. 

James  Christie. — Will  Mr.  Schermerhorn  please  define  the  nature  of  injury 
to  piles  resulting  from  excessive  driving  ?  Is  it  the  brooming  of  the  head  of  the 
pile,  or  the  breaking  of  the  body,  or  injurious  disintegration  of  the  whole  fibrous 
structure?  Also,  what  are  the  comparative  merits  of  light  hammers  with  a  high 
fall,  and  heavy  hammers  with  a  low  fall  ?    I  can  readily  see  how  the  light  ham- 
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mer  would  bruise  and  destroy  the  head  of  the  pile  sooner  than  the  heavy  ham- 
mer would,  with  equal  penetration  ;  whereas  the  heavy  hammer  might  be  more 
injurious  than  the  light  one,  on  the  whole  fibrous  structure  throughout  the  body 
of  the  pile.  A  condition  sometimes  occurs  when  excessive  driving  is  not  benefi- 
cial :  that  is,  when  the  pile  passes  through  a  hard  upper  stratum  into  a  compara- 
tively softer  material  below.  It  sometimes  happens  that  it  is  decidedly  better  to 
cease  driving  before  this  soft  stratum  is  reached  and  reduces  the  resistance  to 
penetration  of  the  pile.  It  is  interesting  to  learn  how  long  the  water-jet  has  been 
applied  to  the  purpose  described.  It  is  probably  another  instance  of  the  aptness 
of  Sydney  Smith's  complaint  against  "  those  confounded  ancients,"  and  it  is 
also  another  illustration  of  how  frequently  man  is  indebted  for  valuable  sugges- 
tions to  the  humblest  forms  of  animal  life. 

Mr.  Schermerhorn.— I  think  it  is  generally  admitted  by  those  who  have 
carefully  studied  the  question  of  pile-driving  that  low  falls  with  heavy  hammers 
are  preferable  to  high  falls  with  light  hammers,  both  as  being  less  destructive  to 
the  pile  and  giving  better  results  in  the  end.  Major  Saunders,  an  engineering 
officer  who  was  engaged  upon  the  foundation  of  Fort  Delaware  many  years  ago, 
made  a  very  elaborate  series  of  observations  upon  piles  driven  to  known  depths, 
with  different  weights  of  hammer  and  height  of  fall,  and  his  conclusion  was  in 
favor  of  low  falls  with  heavy  hammers  as  giving  a  greater  degree  of  stability  to 
the  pile,  with  less  injury  to  the  pile  than  excessive  heights  with  light  hammers. 
We  very  frequently  remove  old  pile  piers,  and,  along  the  river  front  of  Philadel- 
phia, as  you  probably  know,  after  passing  through  a  depth  of  from  20  to  30  or 
40  feet  of  mud,  we  encounter  a  very  hard  bottom.  After  the  piles  have  passed 
through  this  soft  material  they  may  be  driven  5  or  6  feet  into  that  material, 
but  no  further.  When  we  remove  these  old  piles,  in  nearly  every  instance  we 
find  that  they  have  very  peculiar  points,  or  ends.  They  have  been  driven  down 
to  this  hard  material  and  the  pile  has  split  and  broomed  until  it  looks  like  an  in- 
verted umbrella  3  or  4  feet  in  diameter.  The  inspector  or  foreman  who  drove 
such  piles  continued  to  drive  for  5  or  6  feet  after  he  should  have  stopped ;  and 
his  penetration,  or  supposed  penetration,  was  simply  the  brooming  or  splitting 
of  the  pile.  We  very  seldom  remove  piles  from  these  old  piers,  where  there  is  a 
hard  bottom,  without  finding  the  points  of  the  piles  injured  for  from  2  to  5  feet 
— absolutely  driven  to  pieces.  Such  driving  was  to  the  manifest  injury  of  those 
piles. 

Mr.  Christie. — Mr.  Codman  just  called  my  attention  to  the  case  of  a  chimney 
erected  in  Chicago  recently.  It  is  from  230  to  240  feet  high,  weighs  about 
9,000,000  pounds,  and  is  built  on  a  base  8  feet  thick  and  40  feet  square,  carried 
on  forty  piles,  the  piles  being  driven  down  to  rock.  If  the  ends  broomed  and  split, 
as  Mr.  Schermerhorn  described,  I  wonder  whether  it  is  going  to  stand  or  fall 

The  Chairman  (Henry  Leffmann).— It  would  be  interesting,  perhaps,  if  Mr. 
Schermerhorn  would  tell  us  how  far  this  overdriving  has  affected  the  general 
character  of  the  piling  in  Philadelphia,  For  instance,  is  the  durability  affected 
or  is  the  injury  to  the  pile  limited  to  the  terminal  portion  ?  As  Mr.  Christie  has 
said,  the  overdriving  may  not  only  affect  the  point  of  the  pile,  but  also  produce 
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a  splitting  in  a  longitudinal  direction.  One  would  expect  that  such  heavy  blows 
would  disintegrate  part  of  the  structure  and  diminish  the  strength  of  the  pile, 
and  also,  perhaps,  its  resistance  to  the  ordinary  decomposing  influences,  for  the 
influence  of  the  water,  while  not  very  serious  in  many  cases,  yet  must  be,  in  part 
at  least,  dependent  upon  the  structure  of  the  wood.  If  the  pile  is  shattered  and 
its  fabric  broken,  it  would  be  expected  to  be  more  likely  to  succumb  to  ordinary 
influences,  It  might  be  well  for  Mr.  Schermerhorn  to  tell  us  if  the  removals 
have  shown  such  conditions.  Not  the  least  interesting  part  of  the  paper  has 
been  the  suggestion  that  the  original  employment  of  this  method  was  due  to  ob- 
serving the  habits  of  an  animal.  Much  may  be  learned,  undoubtedly,  by  the 
observation  of  the  methods  of  animals.  Not  enough  study  has  been  given  to 
this  in  engineering  work  as  well  as  in  other  departments  of  practical  life.  We 
also  notice  the  rather  amusing  feature  that  the  clam  has  been  the  means  of  sug- 
gestion. 

Mr.  Schermerhorn.— The  piling  which  we  are  called  upon  to  remove  from 
time  to  time  is  generally  along  the  water  front  Below  low-water  mark  the  pile 
is  practically  imperishable,  and  it  would  be  very  difficult  to  say  from  observation 
whether  the  pile  had  been  seriously  injured  by  overdriving,  but  I  have  a  strong 
feeling  that  the  life  of  the  pile  is  very  seriously  interfered  with  by  this  overdriv- 
ing to  which  I  refer.  While  excessive  driving  may  not  always  produce  checks  or 
splits,  it  has  so  shaken  the  fiber  that  that  portion  which  is  above  the  surface  of 
the  water  and  subject  to  decay  would  give  way  to  the  effects  of  the  atmosphere 
and  temperature  much  more  rapidly  than  though  it  had  not  been  so  injured. 
We  know  from  experience  that  the  driving  of  spikes  into  ship  timber  very  seri- 
ously injures  the  vitality  of  that  timber,  when  the  ship's  carpenter,  in  driving  the 
spike  home,  injures  the  surface  of  the  wood  around  the  spike,  and  the  same 
principle  holds  true  of  the  piles  referred  to.  It  is  not  infrequent,  also,  when 
mooring  piles  have  been  cut  off  well  below  the  top  of  the  pile,— which  was 
broomed, — to  find  that  the  piles  are  very  seriously  checked,  and  I  am  not  in- 
clined to  believe  that  these  are  all  season  checks.  I  think  that  many  are  due  to 
a  disorganization  of  the  fiber  in  the  material  owing  to  excessive  driving.  There 
is  a  point  that  the  Chairman  has  raised,  as  to  the  duration  of  timber  in  our  fresh 
water.  Of  course,  below  the  water  there  is  no  decay,  so  far  as  our  records  go. 
There  are  piles  in  the  vicinity  of  Reedy  Island  placed  there  in  1804.  Those  piles 
are  projecting  2  or  3  feet  above  low  water,  the  tops  of  the  piles  being  very  much 
worn  and  jammed  by  the  action  of  the  ice,  but  the  timber  is  practically  sound  to- 
day. Quite  frequently  in  the  tearing  down  of  piers  we  remove  timber  which  I 
have  every  reason  to  believe  has  been  in  place  over  a  hundred  years,  and  other 
than  being  waterlogged,  the  timber  is  sound.  The  opinion  along  the  river  front 
is  that  timber  is  practically  imperishable  to  a  point  about  3  feet  above  low  water, 
or  about  half-tide.  It  is  seldom  necessary  to  replace  timber  from  low  water  to 
a  point  3  feet  above  low  water.  At  the  top  of  the  structure  it  will  decay  with 
more  or  less  rapidity.  Usually  from  eight  to  twelve  years  will  finish  the  life  of 
most  timber  in  the  upper  part  of  a  pier ;  but  from  half-tide  down  to  the  surface 
of  low  water,  and  below,  the  timber  is  practically  imperishable. 
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Henry  M.  Chance.—  Other  instances  of  the  use  of  the  water-jet  may  be  re- 
corded, as  in  the  mining  of  ore  in  Alabama,  where  the  washing  away  of  the 
clayey  matrix  is  sometimes  done  with  the  water-jet.  The  iron  ore  may  consist  of 
perhaps  10  per  cent  of  the  deposit,  and  they  wash  away  the  clayey  material  and 
leave  the  iron  ore  in  place,  that  material  being  too  heavy  to  move  readily  in  a 
sluice.  Another  instance  is  found  in  the  anthracite  regions  in  the  rehandling  of 
the  large  culm  dumps  for  the  recovery  of  the  small  coal  that  formerly  was  re- 
jected as  worthless.  This  material  is  very  generally  being  handled  by  the  water- 
jet,  and  at  very  low  cost     It  is  thus  flushed  from  the  dump  to  the  washer. 

We  Copeland  Furber.— While  Mr.  Schermerhorn  has  pointed  out  fully 
the  evil  of  overdriving  due  to  the  lack  of  knowledge  of  the  material  into  which 
the  pile  is  being  driven  on  the  part  of  the  inspector,  I  think  a  word  of  caution 
may  be  said  on  the  question  of  insufficient  driving.  It  is  important  to  know 
what  kind  of  material  is  under  the  pile,  and  to  this  end,  if  many  piles  are  to  be 
driven,  borings  are  requisite.  A  pile  may  show  considerable  resistance  while 
being  driven  through  a  comparatively  thin  layer  of  hard  material,  and  after  pene- 
trating it  may  show  much  less  resistance.  If  my  information  is  correct,  the 
original  piles  for  the  west  abutment  of  the  South  Street  bridge  were  driven  into 
a  layer  of  hard  pan,  which  was  underlaid,  as  was  subsequently  discovered,  by  a 
stratum  of  soft  material.  The  piles  were  in  many  instances  driven  through,  or 
nearly  through,  the  hard  pan  ;  on  these  the  abutment  was  built  In  the  course 
of  time  water,  finding  its  way  along  the  skin  of  the  pile,  lubricated  it,  and  the 
pile  was  pushed  through  into  the  soft  stratum  below  and  the  structure  failed. 
Had  borings  been  taken  before  the  piles  were  driven,  the  inspector  could  have 
determined  the  depth  to  which  the  piles  should  have  been  driven  to  be  safe,  and 
would  not  have  been  compelled  to  rely  alone  on  the  resistance  of  the  pile  to 
further  driving. 

J.  Kay  Little. — In  every  important  case  soundings  should  be  made ;  then 
the  engineer  would  have  some  data— the  strata  of  clay,  gravel,  rock,  etc. — to  assist 
him  in  judging  the  depth  to  which  the  piles  should  be  driven  in  order  to  secure  a 
proper  foundation.  I  had  charge  of  rebuilding  the  west  approach  of  the  South 
Street  bridge.  From  observations  made  at  the  time  the  old  foundations  were 
removed,  I  formed  the  opinion  that  the  piles  used  were  insufficient  in  number  and 
character  to  sustain  the  weight  imposed.  Oak  piles,  12  inches  in  diameter  at  the 
smaller  end  and  18  inches  at  the  head,  were  used  in  the  new  foundations. 

Mr.  Furber. — Mr.  Schermerhorn  has  given  us  much  information  on  the 
subject  of  pile-driving  this  evening.  I  would  like  to  ask  him  whether  he  believes 
in  pointing  a  pile  or  in  leaving  them  blunt 

Mr,  Schermerhorn. — Piles  should  be  pointed  when  driven  through  other 
than  very  soft  material ;  though  I  am  in  favor  of  the  driving  of  unpointed  piles 
through  soft  material  to  a  very  hard  bottom.  I  do  not  believe  in  the  penetra- 
tion of  piles,  to  any  great  extent,  into  what  is  called  very  hard  material  In 
such  material  as  would  be  designated  heavy  gravel  and  boulders,  the  driving 
would  not  exceed  4  or  5  feet,  and  in  sand  and  gravel,  it  would  generally  be  not 
more  than  from  6  to  8  feet     I  never  expect  to  get  greater  penetration  from  the 
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use  of  an  iron  shoe,  bat  I  would  point  the  pile,  and  a  correct  pointing  of  the 
pile  has  much  to  do  with  its  proper  driving.  The  pile  should  be  bluntly  pointed, 
with  four  faces  cut  down  to  a  point  1}  or  2  inches  square — not  a  long  taper.  It 
should  be  strong  and  capable  of  resisting  great  forces.  We  have  many  piles  in 
our  piers  which  are  carrying  loads  of  from  30  to  40  tons,  and  the  piles  are  not 
more  than  5  inches  at  the  point  and  from  12  to  14  at  the  butt — probably  not 
averaging  12  inches  where  the  piles  are  cut  off,  and  probably  8  inches  where 
they  enter  the  ground.  In  some  cases  the  distance  between  the  top  of  the  pile 
and  the  point  where  it  enters  the  ground  is  40  feet 

The  Chairman. — It  may  be  worth  while  noting  that,  in  the  first  place,  the 
wearing  power  of  water  is  almost  wholly  due  to  the  suspended  matter.  Geikie 
states  that  water  without  suspended  matter  has  practically  no  wearing  power. 
The  constant  dropping  that  wears  away  the  stone  is  a  function  of  the  turbidity 
of  the  water.  It  might  be  practicable  to  employ  water  containing  a  considerable 
amount  of  rather  heavy  suspended  matter.  It  is  also  worth  noting  that  the 
tendency  in  modern  engineering  has  been  in  many  directions  from  low  pressures 
to  high  ones.  The  earlier  steam-engines  were  condensing  engines ;  the  modern 
engine  is  worked  at  high  pressure.  The  earlier  applications  of  electricity  were 
at  low  pressure,  but  many  of  them  are  now  at  high  pressure.  The  economy  of 
high  pressure  is  evident  in  many  operations.  The  reference  to  the  economy  of 
the  operation  of  the  gold-bearing  soils  is  interesting  in  connection  with  the  fact 
that  this  city  is  said  to  have  a  clay  which  contains  a  small  amount  of  gold.  My 
recollection  is  that  this  amount  is  about  three  cents  to  the  cubic  yard.  I  under- 
stood Mr.  Schermerhorn  to  say  that  that  amount  could  be  profitably  worked.  If 
so,  we  may  some  day  make  this  city  a  gold-bearing  district. 
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TRANSMISSION  OF  GAS  AND  AIR  THROUGH  PIPES  AND  THE 
TRANSMISSION  OF  POWER  BY  COMPRESSED  AIR. 

FREDERICK   W.   GORDON. 

Read  October  6,  1900. 

Transmission  of  power  by  compressed  air  involves  compression, 
transmission,  and  expansion,  which  will  be  taken  up  in  this  order. 

In  a  paper  read  before  the  American  Society  of  Mechanical 
Engineers,  May,  1899,  the  writer  illustrated  and  described  a  com- 
pressor and  the  indicator  cards  taken  therefrom  at  various  pressures 
and  speeds.  The  mechanical  efficiency  was  87.91  per  cent,  and  the 
volumetric  98.6  per  cent.  Thi6  compressor  was  14"  diameter  and 
30"  stroke,  set  tandem  to  a  12"  X  30"  Corliss  engine.  The  inlet  and 
discharge  valve  drawings  and  cards  are  reproduced  in  order  that  the 
plausibility  of  these  high  claims  may  be  appreciated. 

Figure  1  shows  the  inlet  valves,  consisting  of  two  3"  piston-valves 
moving  in  opposite  directions,  and  thereby  balanced  in  pressure  and 
current.  They  are  operated  by  a  wrist  plate  with  lost  motion  in  the 
connection,  and  the  action  is  such  that  the  valves  open  when  the  air 
compressed  in  the  clearance  is  expanded  to  the  pressure  of  the  supply 
(in  this  case,  atmospheric  pressure),  and  attain  a  full  opening  when 
the  piston  has  traveled  four-tenths  of  the  stroke,  then  remain  at  rest 
until  the  piston  has  reached  seven-eighths  of  the  stroke,  and  close  at 
dead  center. 

Figure  2  shows  the  outlet  valve,  4"  diameter,  closed  to  line  and 
line  at  dead  center  by  eccentric  action  and  opening  when  the  pressure 
above  the  supply  in  the  cylinder  has  attained  65  per  cent,  of  the  pres- 
sure in  the  discharge  chamber,  thus  providing  a  free  passage  for  dis- 
charge and  avoiding  the  excess  of  pressure  due  to  late  opening. 

Figure  3  shows  a  card  from  cylinder,  41  pounds  gage  pressure  in 
reservoir  and  85  R.  P.  M. 

Figure  4  shows  a  card  taken  with  same  weight  of  spring  and  simul- 
taneous with  3  from  relief  cylinder  in  back  of  outlet  valve. 

Figure  5  shows  cards  recording  3  discharge  pressures  and  simul- 
taneous discharge  chamber  pressures.     The  full  lines  are  from  the 
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taiIG-  3. — Compressor,   14  inches  X  30  inches.    Spring,   40   pounds.     Z,  Adiabatio  curve. 
W.  Continuation  of  compression  curve.     85,  R.  P.  M. 
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cylinder.    The  difference  between  these  lines  shows  the  resistance  of 
this  valve. 

It  is  assumed  that  a  large  compressor  of  this  type  will  give  90  per 
cent,  mechanical  efficiency  and  not  less  than  97  per  cent,  volumetric 
efficiency.     The  data  given  in  the  paper  indicate  that  the  force  exerted 


fa**. 


////£ 


Fig.  4. — Cylinder  in  discharge  valve,  3^  inches  in  diameter.  Stem,  $  of  an  inch.  Net 
area,  8.68  inches.  Valve,  4  inches  in  diameter.  Extreme  throw  of  valve,  2  inches. 
R.  P.  M.,  85.    Air  pressure  in  reservoir,  41  pounds.    Spring,  40  pounds. 


Fie.  5. — Compressor,  14  inches  X  30  inches.  Full  line  card  from  cylinder,  dotted  line  card 
from  discharge  chamber,  taken  simultaneously.  Springs,  40  pounds.  R.  P.  M.,  50.  The 
maximum  and  minimum  pressures  in  the  cylinder  and  chamber  do  not  vary  much,  but 
the  wave  of  pressure  is  much  later  in  the  chamber,  showing  effect  of  inertia  as  in  the  air 
entering  cylinder  upon  the  opening  of  the  valve. 

by  the  air  piston  to  compress  and  discharge  the  air  will  not  exceed 
theoretic  adiabatic  compression,  or  that  the  small  gain  by  jacket  cool- 
ing during  compression  will  suffice  for  the  loss  in  the  passage  of  the 
air  through  the  inlet  and  outlet  valves,  so  that  adiabatic  compression 
-h  90  per  cent*  =  the  indicated  H.  P.  of  the  steam-engine. 
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Simple  compression  per  pound  weight  of  air : 

at®4*'}— {©* 


W,  =  A  j0 


29 


* 


where  p  and  p0  equal  absolute  discharge  and  initial  pressures  and  when 
the  supply  is  at  60°  F. 

Each  duplication  of  the  same  number  of  compressions  from  the  same 
temperature  will  require  the  same  energy. 

Transmission  of  Compressed  Air. — Professor  S.  W.  Robinson,  after 
many  careful  observations  of  the  flow  of  natural  gas  in  the  Ohio 

field,  gave  the  formula  -J(p  +  po)  D  X  g,  in  which  p  and  po  are  the 
absolute  initial  and  terminal  pressures ;  D  =  the  drop  in  pounds  per 
square  inch  per  mile;  and  g  a  multiplier  depending  on  the  internal 
diameter  of  the  main.     The  table  gives  values  for  g: 


Actual 
Diameter  of 
Main,  Inches. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 


g  or  Multi- 
plier for 
Gas— Specific 
Gravity,  0.6. 


274 

720 

1,551 

2,708 

4,280 

6,280 

8,765 

11,800 

15,800 

19,406 

24,150 

29,400 

35,500 

42,400 

49,580 

58,000 

66,560 

86,615 


For  the  flow  of  gas  of  any  other  specific  gravity 
multiply  these  figures  hy  : 


4 


0.6 


Specific  gravity  of  other  gas. 

And  multipliers  for  any  other  diameter  of  main  = 
276  X  area  of  main. 


v, 


20 


diameter  of  pipe. 


The  correctness  of  Professor  Robinson's  formula  and  table  was  con- 
firmed in  the  transmission  of  gas  through  an  8"  main  42  miles  in 
length  with  an  initial  pressure  of  340  pounds  per  square  inch,  the 
gas  being  measured  by  indicating  the  pumps;  also  in  pumping  manu- 
factured gas  through  a  10"  main,  2.2  miles  in  length,  initial  pressure 
b\  pounds  by  gage,  and  in  the  example  given  on  page  240,  where  the 
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main  was  8"  and  was  38  miles  long,  supplying  several  towns  along 
its  route. 
Assuming  that  the  correction  for  difference  in  the  specific  gravity 

of  gases  is  applicable  to  air,  air  at  60°  F.  being  0.93,  Vo^3=  °-8032  > 

then,  the  figures  in  the  table,  multiplied  by  0.8032,  will  be  correct  for 
air  at  60°  R,  and  these,  divided  by  60  (col.  B),  will  be  correct  for  the 
flow  per  minute,  and  B  divided  by  13.08  for  the  pounds  weight  of  air 
per  minute  =  C : 


B 

C 

Actual 

For  flow  of 

For  flow  of 

Diameter 

An  at  60° 

Pounds  Wt. 

of  Mai*. 

PEJtMnr. 

of  Air  per 
Mm. 

2 

3.66 

0.028 

3 

9.63 

0.0736 

4 

20.75 

0.1586 

5 

36.22 

0.277 

6 

57.15 

0.437 

7 

84.03 

0.642 

8 

117.3 

0.897 

9 

158.0 

1.207 

10 

205 

1.566 

11 

259 

1.985 

12 

325 

2.484 

13 

392 

3.007 

14 

475 

3.63 

15 

566 

4.332 

16 

663 

5.071 

17 

775 

5.925 

18 

892 

6.82 

19 

1020 

7.8 

20 

1159 

8.86 

22 

1471 

11.24 

24 

1849 

14.13 

v< 


(P  -f  flo)  D  X  B  =  cubic  feet  of  air  at 
14.7  lbs.  and  60°  F. 


"\(P  -h  Po)  D  X  C  =  pounds  weight  of  air 
at  14.7  lbs.  and  60°  F. 


Professor  Ur win's  analysis  of  the  experiments  on  the  mains  of  the 
Popp  system  in  Paris  gives  the  coefficient  of  friction : 


?  =  222900 


d'     (Pf-P,'). 


UaL 


in  which 


p; 


L    =  length  of  main  in  feet, 

Pz   =  initial  absolute  pressnre  pounds  per  square  inch, 
py/  _=  terminal  absolute  pressure  pounds  per  square  inch, 
d'   =  diameter  of  main  in  feet, 

and  that  the  mean  for  c  =  0.0029,  or  say  0.003.     In  these  calcula- 
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tions  deductions  were  made  from  the  total  resistance  for  that  found  in 
the  drainage  tank,  etc.,  not  being  informed  of  the  merits  of  this  view 
and  thinking  that  their  total  resistance  might  be  equaled  by  that  of 
any  main  In  service.  The  coefficients  of  friction  were  worked  out  for 
the  total  resistances  and  varied  from  0.0026  to  0.00533,  average  being 
0.0037. 

Professor  Robinson's  method  of  calculating  is  equivalent  to  a  coeffi- 
cient of  friction  of  0.00407  for  an  8"  pipe,  and  this,  being  the  highest, 
and  best  established  by  personal  observation,  will  be  adopted. 

Patting  F  =  flow  of  free  air  per  minute  at  60°  F. 
L  —  length  of  main  in  miles. 

-y|(P  +  P*)D  X  B  =  P  and  (p  +  r,)D  =  (£)* 
p=V(g)'xL  +  p8' 

Motor  Driven  by  Compressed  Air. — The  cards  (Fig.  6)  are  from  an 
air  motor,  20"  diameter  and  24"  stroke,  installed  by  the  Philadelphia 
Engineering  Works  in  Mexico.  They  are  not  shown  as  examples  of 
excellence,  as  they  were  taken  under  disadvantages.  The  motor  drives 
a  pump,  direct,  by  the  prolongation  of  the  piston-rod,  and  at  the  time 
these  cards  were  taken  the  water  was  discharged  through  an  adit 
level  instead  of  at  the  shaft-head,  as  designed.  .This  reduced  the 
pressure  of  water  and  load  on  motor,  making  the  wire  drawing  advis- 
able. Apology  should  be  made  for  the  late  exhaust;  a  correction  of 
this  by  valve  setting  would  have  increased  the  work  done  per  unit  of 
air  used. 

These  cards  are  an  average  of  four  sent  by  the  erector. 

Dotted  line  of  initial  pressure  or  pressure  at  cut-off,  .  68.4 

Atmospheric  pressure, 11.8 

Temperature  of  air  delivered  to  motor,      180°  F. 

Temperature  of  exhaust  at  valve, 25°  F. 

Reductions  in  pressure, 5.8 

Expansions  (nearly  isothermal), 6 

Area  of  left-hand  card, 9.6" 

Spring, 20  pounds 


Digitized  by  CjOOQIC 


Gordon — Transmission  of  Air  and  Gas  through  Pipes.         237 

Weight  of  air  used  per  single  stroke  calculated  from 

exhaust  temperature  and  final  pressure  and  volume 

in  cylinder, 0.375  pounds. 

M.  E.  P., 24 

Foot-pounds  per  single  stroke, 15072 

This  weight  of  air  at  180°  F.  would  have  filled  the 

cylinder  as  shown  by  dotted  card  area,      11.25  square  inches. 

Foot-pounds  by  this  card, 17662 

Calculated  foot-pounds  by  adiabatic  expansion  ;  no 

chilling,  clearance,  or  back  pressure, 17585 

Percentage  of  work  done  by  motor, 85.7 


\v                           \                                                                                                                          '      sS 

b 

.lZ*iTLT5Jl  T2?     /so-^_.*8.«.*>-n-                  f 

yv  \                         / 

c/V     <                            // 

1 

I 

oac  3.7.  KM 

Fio.  6\ 

Air  motor,  20  inches  in  diameter,  24-inch  stroke. 

Scale  of  diagram,  20 -pound  spring. 

Air  heater  by  surface  neater.    Steam,  60  pounds. 

Air  heated  by  surface  heater  to  a  temperature  of  180°  F. 

Temperature  of  air  in  exhaust,  26°  F. 

Temperature  of  engine-room,  84°  F. 

R.  P.  M.,  32. 

Pump  plunger,  7i  inches  in  diameter. 

The  motor  cylinder  had  Corliss  trip-gear.  The  5  per  cent,  of 
clearance  is  due  to  the  relatively  short  stroke.  The  very  considerable 
interchange  of  heat  was  augmented  by  the  slow  piston-speed  of  128' 
per  minute. 

A  motor  with  a  reasonably  long  stroke,  with  trip-gear  piston-valves 
in  the  head  reducing  the  clearance  to  half  of  one  per  cent,  or  to  one- 
tenth  shown  by  the  cards,  and  with  the  reduction  of  surface  for  giving 
up  and  taking  up  heat  due  to  this  type  of  construction,  by  a  piston- 
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speed  not  under  500',  and  by  greater  nicety  in  valve-setting,  securing 
early  exhaust  and  proper  compression,  might  be  expected  to  indicate 
90  per  cent,  of  the  theoretic  adiabatic  card. 

But  assuming  that  this  efficiency  is  86  per  cent.,  an  air  motor,  to 
indicate  1000  H.  P.  using  16'  reductions  in  pressure,  or  from  235.2 
to  14.7  in  two  cylinders,  would  have  a  theoretic  H.  P.  per  pound  of 
air,  at  60°  F.,  equal  to : 


M2  =  AJo  ^k{1—  (?)2y  }   =  63262   foot-pounds,  or   1, 


911 


1000 


H.P.;  86  per  cent,  of  this  being  1.64246  H.P.,  ^^  =  608,  the 
pounds  weight  of  air  required  at  60°  F. 

If  this  air  is  preheated  and  interheated  to  340°  F.  or  801°  absolute, 

608  X  521 

— ~t —  =  395  pounds  per  minute  would  suffice. 

This  weight  of  air  at  14.7  and  60°  F.  would  occupy  5166  cubic 
feet. 

To  obtain  a  pressure  of  235.2  pounds  at  cut-off  in  first  cylinder  of 
motor,  a  pressure  of  240  pounds  in  a  receiver  alongside  the  motor  is 
allowed.  It  is  proposed  to  transmit  395  pounds  weight  of  air  20  miles 
through  an  8"  main  and  deliver  it  to  this  reservoir  at  a  pressure  of 
240  pounds  absolute. 

By  formula  p  =  ^/(FV  X  L  +  p0a,  where  F  =  5166,  B  (from 
table  p.  235)  =  117.3,  L  =  20,  p0  =  240 ;  then  p  =  310.5  pounds. 
Or  from  atmosphere  21.13  increases  of  pressure  and  for  a  triple  com- 
pressor about  2.75  compressions  in  each  cylinder. 

Formula  for  triple  compression  per  pound  weight  of  air : 

W,  =  Aj0  y|^{(£)^  —  l}  =  98333  foot-pounds,  or  2.98  H.  P. 

for  these  conditions,  if  the  air  is  received  at  60°  F.,  and  intercooled 
to  60°.  It  has  been  assumed  that  a  compressor  would  have  90  per 
cent,  efficiency,  then  (2.98  -*-  90%)  395  =  1308  H.  P.;  total  indi- 
cated H.  P.  required  by  compressor. 

To  raise  the  temperature  of  395  pounds  of  air  from  60°  F.  to  340° 
F.  before  entering  the  first  motor  cylinder  requires  280°  X  0.23  X 
395  =  25438  B.  T.  U.  The  exhaust  of  this  first  cylinder  is  theoretic- 
ally 801  X  0.669  =  536°  or  85°  F.;  practically  it  would  be  by  inter- 
change of  heat  over  100°,  and  the  heat  required  to  raise  it  to  340° 
for  the  second  cylinder  =  240  X  0.23  X  395  =  21804,  total  47242 
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B.  T.  U.,  using  coal  of  14000  units  to  heat  this  air  and  estimating  70 

43608 
9800 


per  cent,  transferred  to  the  air.    ^jf  =  4.82   pounds   per   minute, 


289.2  pounds  of  coal  per  hour. 

The  compressor  engines  working  with  a  fixed  cut-off  adjusted  to 
maximum  economy,  each  and  every  stroke  requiring  the  same  weight 
of  steam,  may  be  designed  and  constructed  to  attain  the  highest  re- 
corded steam  efficiency.  Put  this  at  1.4  pounds  of  the  best  coal  per 
horse-power  per  hour  and  add  the  coal  to  heat  the  air:  1308  X  14 
+  289.2  =  2120.4,  or  2.12  pounds  per  indicated  horse-power  in 
motor. 

In  the  transmission  of  this  air  it  is  assumed  that  it  will  be  delivered 
to  the  main  at  60°  F.,  and  that  the  heat  of  the  atmosphere,  or  the 
ground,  if  it  is  buried,  will  maintain  this  temperature  during  the  20 
miles. 

It  is  not  assumed  that  the  8"  pipe  is  the  best  size,  all  things  con- 
sidered. The  loss  in  pressure  in  this  instance  is  from  310.5  to  240 
pounds,  whereas  a  10"  pipe  would  have  conveyed  this  weight  of  air, 
starting  at  265.1  pounds. 

If  the  transmission  had  been  through  an  8"  pipe,  50  miles  in  length, 
the  initial  pressure  of  393.1  pounds  will  be  required  for  the  240 
pounds  terminal,  and  the  total  fuel  consumption  per  H.  P.  in  motor 
2.3  pounds. 

The  loss  in  transmission  is  small  if  the  velocity  is  low.  This  is 
effected  by  an  enlargement  of  the  line  or  by  compression.  High  com- 
pression means  high  temperatures ;  this  heat  is  lost,  and  were  it  not 
for  compounding,  intercooling,  and  the  large  percentage  of  the  heat  of 
preheating  that  can  be  recovered  in  work  done,  high  pressures  could 
not  be  considered  for  power  transmission ;  but  in  employing  these 
economies  in  compression  and  expansion  high  pressure  may  be  used, 
and  so  reduce  the  loss  in  transmission. 

Professor  Robinson  mathematically  demonstrated  that  the  greatest 
weight  of  an  elastic  fluid  will  be  transmitted  when  the  terminal  pres- 
sure is  half  the  initial.  Should  these  figures  be  500  pounds  and  250 
pounds,  the  air  capable  of  1000  H.  P.  in  our  motor  could  be  trans- 

niitted  through  an  8"  line  96.7  miles  in  length  for  L  =  /f\  2  =  96.7. 

The  economic  transmission   of   power  for  the  distances    mentioned 

3 


Digitized  by  CjOOQIC 


240  Gordon — Transmission  of  Air  and  Oas  through  Pipes. 

makes  this  agency  not  only  desirable  for  transmitting  the  power  of 
waterfalls,  but  when  power  is  to  be  applied  where  fuel  is  more  expen- 
sive than  where  the  air  motor  is  located.  Such  a  case  is  seen  in  our 
office  buildings,  doing  away  with  the  hauling  of  coal  and  dirt  and 
extra  expenses  incident  to  steam-boilers  for  power. 

A  mammoth  compressor  plant  of  the  most  economic  type  located  on 
the  river  could  deliver  power  to  air  motors  in  our  office  buildings  as  a 
profitable  investment,  and  during  the  summer  months  cool  the  build- 
ing to  any  desired  temperature  by  automatically  regulating  the  quan- 
tity of  the  air  discharged  from  the  motors  under,  not  through,  the  roof. 

The  loss  in  transmission  when  air  is  distributed  to  various  points 
is  illustrated  by  the  natural  gas  distribution,  to  which  reference  has 
been  made. 

ABC  E 

I  +      t ' 


13  miles.  10  miles.  15  miles. 

8"  pipe-line.     38  miles  total  length. 

A,  the  source. 

B,  a  town  requiring    54,000  cubic  feet  of  gas  per  hour. 

C,  "  "  30,000      "       "         "         u       " 
E,      "            "          262,500     "       u         u        "       " 

Total,    346,500. 

The  pressure  at  E  to  be  25  pounds  by  gage. 
Determine  pressure  required  at  A. 

In  section  C-E  the  flow  =  J(p~+  p0)  D  X  8765  =  262500  p0  = 
40,  or  absolute  pressure  at  E.     p  =  pressure  at  C. 

D  =  drop*  in  pounds  per  square  inch  per  mile,  or   p~~      ;  then 

(p  +  40)  (^— )  =  900     and     p  =  123     pounds. 

Find  pressure  at  B,  same  method,  =  163.2      " 

and  at  A,  =  216 

The  actual  absolute  pressure  at  A  was  215 

DISCUSSION. 
Arthur  Falkenau. — The  air-compressor  valves   shown  by   Mr.    Gordon 
are  particularly  interesting.     I  do  not  remember  ever  having  seen  them  in  use 
before.     I  should  like  to  know  whether  that  form  is  extensively  used  now,  and 
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whether  it  has  proved  satisfactory  in  a  practical  way.  Most  compressors  have  the 
poppet  form  of  valve,  and  it  would  be  of  consequence  to  know  whether  the  piston- 
valve  has  proved  itself  efficient. 

Mb.  Gordon. — The  compressor  illustrated  was  one  that  I  built  for  simple 
demonstration,  and  it  has  never  been  used  for  any  considerable  time.  It  is,  as 
you  say,  something  of  a  novelty.  Of  course,  piston-valves  are  well  known  in 
steam-engineering.  They  have  a  self-adjustment  that  the  others  have  not. 
Slide  valves  are  in  favor,  but  wear  badly.  Few  compressors  with  this  type  of 
valve  have  been  built  The  Philadelphia  Engineering  Works  becoming  the 
property  of  the  Niles-Bement-Pond  Co.,  it  was  elected  to  devote  the  works  to 
electric  cranes.  A  72-inch  blowing  engine,  to  be  driven  by  gas-engines  direct  at 
160  R.  P.  M.,  has  been  built  and  supplied  with  these  valves.  The  cylinder- 
head  has  two  18-inch  valves  for  inlet  and  two  18-inch  valves  for  discharge, 
giving  a  free  area  of  508  feet  for  air-inlet  and  the  same  area  for  the  dis- 
charge. The  Maryland  Steel  Company  is  building  a  compound  compressor  of 
very  large  capacity  to  supply  their  shipyard  with  power  to  operate  tools.  Ex- 
perience with  piston-valves  in  marine  steam-engines  left  no  question  with  this 
company  as  to  the  durability  and  tightness  of  piston-valves.  Piston-valves  were 
preferred  as  giving  close  clearance,  noiseless  action,  and,  in  the  opinion  of  the 
company,  good  results  as  to  wear.  There  are  two  26  by  40  cylinders  for  com- 
pressing carbon  diozid  at  the  Matheson  Alkali  Works,  Saltville,  Ya.  The  man- 
ager carefully  examined  the  action  of  the  14  by  30  experimental  plant,  and,  ex- 
pressing his  high  appreciation,  gave  the  order.  He  is  now  negotiating  for  four 
more  of  the  same  size.  I  can  not  answer  your  question  as  to  the  durability 
except  by  saying  that  they  should  wear  as  well  as  piston  steam-valves,  which  give 
excellent  service;  further,  I  have  used  rotating,  sliding,  or  Corliss  unbalanced 
valves  for  air  compression,  and  find  that  they  retain  lubricants  well  and  wear 
admirably. 

Mr.  Falkenau. — The  reason  I  raised  the  point  is  that  I  know  the  tightness 
of  valves  is  a  very  serious  question  in  an  air  compressor.  What  is  the  efficiency 
of  the  compressor?    Did  you  state  that  as  90  per  cent.? 

Mr.  Gordon. — 98.6  per  cent,  card  measure. 

Mr.  Falkenau. — You  do  not  mean  the  actual  efficiency  ? 

Mr.  Gordon. — The  mechanical  efficiency  was  87.91  per  cent. 

Mr.  Falkenau. — That  is  rather  high  for  a  small  engine. 

Mr.  Gordon. — The  engine  was  12  by  30  and  the  compressor  14  by  30. 

Mr.  Falkenau. — How  close  did  you  get  to  isothermal  compression  ?  I  am 
talking  about  the  mechanical  efficiency,  comparing  the  compressor  with  the 
steam-engine. 

Mr.  Gordon. — I  made  all  my  calculations  on  adiabatic  compression. 

Mr.  Falkenau. — That  is  the  point  Of  course  the  final  efficiency  depends 
upon  the  amount  of  compressed  air  that  you  obtain  as  a  consequence  of  using  a 
certain  amount  of  steam.  Now,  that  would  depend  largely  upon  how  closely  you 
came  to  isothermal  compression.  The  nearer  you  compress  adiabatically,  the 
greater  your  loss  will  be,  which  is  usually  roughly  figured  at  about  20  per  cent. 
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With  fairly  good  cooling,  the  ordinary  line  lies  about  half-way  between  the  adia- 
batic  and  isothermal.     Is  that  not  your  experience  ? 

Mr.  Gordon. — No.  I  would  like  to  answer  that  in  connection  with  the  paper, 
as  there  is  probably  a  misunderstanding.  I  have  not  taken  into  consideration 
isothermal  compression  at  all.  I  made  calculations  upon  adiabatic  compression. 
I  think  the  cooling  of  air  during  compression  is  exceedingly  small.  The  saving 
from  adiabatic  compression  very  slight ;  in  compressing  to,  say,  50  or  60  pounds, 
you  may  save  as  much  as  20  percent,  of  the  difference  between  it  and  isothermal 
— that  is,  one-fifth  of  the  area  inclosed  between  the  isothermal  and  the  adiabatic 
line.  That  would  be  about  all  I  can  get  by  a  thorough  cooling  of  the  jacket,  with 
a  piston  speed  up  to  about  400  or  500  feet  per  minute.  Air  does  not  take  up 
heat  very  quickly,  and  the  saving  is  small.  Now,  that  small  saving  I  claim  is 
enough  to  balance  the  loss  due  to  friction  of  the  air  in  entering  and  going  one 
through  the  valves  I  have  illustrated,  and  I  calculate  that  the  cost  of  compress- 
ing the  air  is  just  what  it  would  figure  adiabatically  compressed,  and  no  more ; 
but  the  volumetric  efficiency, — that  is,  the  quantity  of  free  air  compared  to  the 
displacement  of  the  piston, — as  nearly  as  I  could  measure  the  cards,  was  98.6  % ; 
but  in  the  calculations  I  figure  the  volumetric  efficiency  97  % . 

Mr.  Falkenau. — I  think  the  point  which  Mr.  Gordon  makes  of  the  volu- 
metric efficiency  is  a  very  important  one.  I  rather  think  that  it  is  higher  than  that 
of  any  compressors  in  the  market. 

Mr.  Gordon.— Yes. 

Mr.  Falkenau. — I  remember  a  certain  compressor  in  which  the  volumetric 
efficiency  was  as  low  as  78  #.  The  clearances  were  enormous.  That  is  the  point 
I  see  you  have  sought  to  overcome.  In  that  connection  I  might  tell  of  a  rather 
peculiar  experience  out  in  Colorado,  where  they  had  a  compressor  running  a 
number  of  drills.  It  failed,  and  after  being  overhauled  by  a  certain  engineer,  I 
was  called  in  some  time  afterward.  They  complained  bitterly  about  the  condition 
the  compressor  was  in.  They  could  not  obtain  the  volume  of  air  required  to  run 
one  drill  decently.  On  looking  at  the  engine  it  appeared  to  me  that  the  cylinder 
was  extremely  long  for  the  throw  the  crank  had,  and  I  asked  whether  that  was 
the  original  crank.  The  superintendent  answered  that  it  was.  The  engineer 
happened  to  be  close  by,  and  stated  that  the  crank  had  been  changed  by  him.  It 
was  a  Clayton  compressor,  in  which  a  thin  layer  of  rubber  about  \  of  an  inch 
thick  was  used  under  the  valves.  Upon  investigation  I  found  that  these  rub- 
bers had  given  out,  and  some  bright  engineer,  in  order  to  make  the  compressor 
go, — he  had  not  time  to  wait  for  the  proper  rubber  disks  to  come  from  New 
York,  as  it  was  out  in  Colorado, — got  some  rubber  pump  valves  about  \  or  }  of 
an  inch  thick  and  put  them  under  the  inlet  valves.  The  inlet  valves  are  next  to 
the  piston.  When  the  piston  came  up,  it  struck  these  valves ;  to  avoid  this, 
he  put  in  a  new  and  shorter  crank,  giving  \\  inch  clearance,  which,  of  course, 
explained  why  the  efficiency  was  so  poor.  I  pulled  out  the  valves,  resurrected 
the  old  crank  shaft,  ground  the  valves  to  a  metallic  seat,  and  telegraphed  for  new 
rubbers.  The  metallic  seat  is  used  generally.  I  think  Ingersoll  used  the  metal- 
lic scat.     After  the  rubber  was  inserted,  of  course  the  efficiency  rose  at  once,  and 
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they  were  able  to  run  three  drills.  I  have  cited  this  instance  to  show  that  the 
amount  of  clearance  is  important 

Mr.  Gordon. — The  case  is  entirely  adiabatic  all  the  way  through.  I  give  the 
amount  of  coal  per  horse-power  per  hour  as  being  obtained  by  a  triple  expansion, 
the  work  done  being  exactly  the  same  in  the  best  economic  cases.  There  is  no 
variation  in  the  distribution  of  steam,  which  is  the  real  thing  in  reducing  the 
efficiency  of  the  steam-engine.  It  would  be  just  as  well  in  compressing  air  as  it 
would  be  in  pumping  water  if  the  pressure  would  be  fixed  at  the  head  end  of  the 
main. 

Mr.  Falkenau. — I  understand  that  the  air  was  heated  to  180°  before  it 
entered  the  motor  ? 

Mr.  Gordon. — Yes.    By  an  ordinary  feed-water  heater  with  steam. 

Mr.  Falkenau— Was  your  cylinder  jacketed  ? 

Mr.  Gordon.— No,  sir. 

Mr.  Falkenau. — Would  that  account  for  your  drop  then  ? 

Mr.  Gordon.— Part  of  it. 

Mr.  Falkenau.— The  fact  that  you  heated  the  air  and  did  not  jacket  the 
cylinders  ? 

Mr.  Gordon. — The  cylinder  was  not  jacketed  in  the  ordinary  meaning  of  that 
term.  There  was  no  heat  circulated  around  the  outside  of  the  cylinder.  It  was 
well  lagged  to  prevent  radiation. 

Mr.  Falkenau. — You  mention  that  the  motor  was  directly  attached  to  the 
pump  :  was  there  one  piston-rod  making  a  direct  connection  between  the  two  ? 

Mr.  Gordon. — The  piston-rod  was  long  enough,  so  that  the  pump  piston- 
rod  did  not  enter  the  air-cylinder.  I  spoke  of  wire  drawing.  That  was  due  to 
the  fact  that  the  pump  was  not  discharging  where  it  was  originally  intended  to 
discharge.  It  was  out  in  the  wilderness  and  we  could  not  get  what  we  wanted. 
It  has  been  demonstrated  by  a  very  fair  amount  of  experimenting,  especially  in 
Paris,  that  the  extra  heat  used  in  preheated  air  is  nearly  all  returned  in  work,  be- 
cause you  have  the  same  losses  no  matter  what  the  initial  temperature  is.  It  is 
working  through  a  higher  or  lower  range  of  temperatures.  If  the  temperature  is 
very  high,  you  may  have  a  little  loss  by  radiation.  The  foot-pounds  derived  from 
a  given  weight  of  air  expanded,  the  same  number  of  pressures  will  be  almost  exactly 
proportional  to  the  absolute  temperatures  of  the  air  received  by  the  cylinders. 
By  a  compound  compressor  driven  by  a  compound  condensing  engine  built  by 
the  Philadelphia  Engineering  Works,  Ltd.,  for  the  Indianapolis  Manufacturing 
Natural  Gas  Co.,  600,000  cubic  feet  per  hour  were  discharged  through  an  8-inch 
main  42  miles  long.  The  head- pressure,  340  pounds  absolute,  varied  but  little. 
The  gas  was  used  entirely  for  manufacturing  purposes.  The  load  was  so  constant 
that  a  fixed  cut-off  might  have  been  used,  and  owing  to  the  regularity  of  the  load, 
the  highest  steam  economy  may  be  obtained. 

Francis  Schumann. — Was  there  any  difference  in  the  quality  of  the  gas  at 
the  point  of  inlet  and  the  point  of  delivery  on  that  42-mile  run  ? 

Mr.  Gordon. — Natural  gas  is  not  thought  to  be  impaired  by  pressure,  and  this 
my  observation  confirms.     A  cubic  foot  of  free  gas  in  the  Indianapolis  field  has  a 
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value  of  1000  B.  T.  U.,  and  it  can  be  depended  on  for  that  much  heat  If  used 
under  a  boiler,  from  700  to  750  may  be  obtained  as  steam.  But  the  combustion 
of  either  natural,  manufactured,  or  blast-furnace  gas  is  but  poorly  understood. 
Sufficient  air  is  seldom  used  or  sufficient  space  allowed  for  the  rapid  expansion 
due  to  heat,  therefore  opinions  based  on  practice  should  be  received  with  reser- 
vation. I  have  doubled  the  heat  obtained  at  a  supposed  highly  economical 
plant  by  judicious  mixtures  and  an  enlarged  combustion  chamber.  For  heating 
purposes  there  is  no  objection  to  the  compression  required  for  economic  trans- 
mission, and  for  illumination  water-gas  may  be  transmitted  and  afterward 
enriched.  The  transmitted  illuminating  gas  at  Louisville  through  a  10-inch  main 
2.2  miles  long,  with  a  head  pressure  of  5}  pounds  per  square  inch,  I  understood 
did  not  show  any  loss  in  light 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  September  15, 1900.— The  first  Vice-President  in  the  chair. 
Forty-four  members  and  one  visitor  present. 

The  Secretary  announced  the  death  of  two  members — Emile  Geyelin,  on  Jane 
28th,  and  J.  Simpson  Africa,  on  August  8th. 

Mr.  L.  Y.  Schermerhorn  read  a  paper  entitled  "The  Water-jet  as  an  Aid  to 
Engineering  Construction. ' '  The  subject  was  discussed  by  Messrs.  Davis,  Hubbard, 
Christie,  Nichols,  Chance,  Furber,  Little,  and  Leffraann. 

Business  Meeting,  October  6,  1900.— -The  President  in  the  chair.  Sixty-one 
members  and  three  visitors  present. 

The  celebration  of  the  anniversary  of  the  founding  of  the  Club  was  brought  before 
the  meeting,  and  after  some  discussion  the  matter  was  referred  back  to  the  Board 
with  a  favorable  recommendation. 

A  communication  from  the  Engineers1  Society  of  Western  New  York  relating  to 
a  joint  congress  and  engineering  exhibit  at  the  Pan-American  Exposition  was 
referred  back  to  the  Board  with  a  favorable  recommendation  and  power  to  arrange 
details. 

The  Tellers  reported  the  election  of  Messrs.  Charles  H.  Davis,  H.  D.  Hess,  F.  C. 
Schmitz,  J.  Wilbur  Tierney,  and  W.  M.  Walmsley  to  active  membership  ;  Mr.  L. 
Erie  Edgar  to  junior  membership ;  and  Mr.  Adam  Laidlaw  to  associate  membership. 

Mr.  Frederick  W.  Gordon  read  a  paper  entitled  "  Transmission  of  Gas  and  Air 
through  Pipes ;  and  the  Transmission  of  Power  by  Compressed  Air."  The  subject 
was  discussed  by  Messrs.  Falkenau,  Head,  and  Schumann. 

Regular  Meeting,  October  20,  1900. — The  President  in  the  chair.  Sixty 
members  and  three  visitors  present. 

Mr.  Carl  G.  Barth  read  a  paper  entitled  "  The  Strength  of  the  Ideal  Column,  and 
its  Relation  to  the  Safe  Load  on  a  Practical  Column  ;  Some  New  Formulas,  and 
Their  Comparison  with  Older  Ones. ' '  The  subject  was  discussed  by  Messrs.  Christie 
and  Marburg. 

Business  Meeting,  November  3, 1900.— The  President  in  the  chair.  Fifty-two 
members  and  eight  visitors  present. 

A  topical  discussion  on  *  'American  Isthmian  Canals  "  was  held,  the  participants 
being  Messrs.  James  Christie,  Edwin  F.  Smith,  and  L.  Y.  Schermerhorn. 

Messrs.  William  E.  Bradley,  H.  J.  Edsall,  and  Willibald  Trinks  were  elected  to 
active  membership. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Stated  Meeting,  September  15,  1900.— Present :  The  Vice-Presidents,  Direc- 
tors Levis,  Souder,  and  Christie,  and  the  Secretary.  The  first  Vice-President  in 
the  chair. 

The  Treasurer's  report  showed  : 

Balance,  June  1,  1900, $1539.20 

Receipts,  June,  July,  and  August,      604.40 

Total, * $2143.60 

Disbursements : 

Bills  paid, $1333.94 

Transferred  to  3%  account,  .    .    .     500.00  1833.94 

Balance,  August  31,  1900, $309.66 

The  Library  Committee  reported  that  during  the  summer  742  books  had  been 
labeled  and  entered  on  a  card-index  ;  a  new  magazine-case  had  been  put  in  use  for 
holding  current  numbers  of  each  periodical,  protected  by  a  neat  leather-back  cov- 
ering. 

The  House  Committee  reported  the  appointment  of  Geo.  W.  Shellem  as  Janitor 
of  the  Clab-house. 

Stated  Meeting,  October  20,  1900.— Present:  The  President,  Vice-Presidents, 
Directors  Levis,  Souder,  Christie,  and  Smith,  and  the  Secretary. 

The  Treasurer's  report  showed* : 

Balance,  August  31,  1900, $309.66 

September  receipts, 221.10 

Total, 530.76 

September  disbursements,    . 251.26 

Balance,  September  30,  1900, $279.50 

The  question  of  cooperating  with  the  Engineers'  Society  of  Western  New  York, 
having  been  referred  back  to  the  Board  by  the  Club,  was  on  motion  decided  that 
the  President  should  appoint  a  committee  of  the  Club  to  confer  with  a  committee 
of  the  above  Society,  and  report  to  the  Club  what  action  seemed  desirable. 
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From  General  Herman  Haupt,  Washington,  D.  C. 
General  Superintendents  of  Pennsylvania  Railroad. 

From  Indiana  Geological  Survey,  Indianapolis,  Ind. 
Twenty-fourth  Annual  Report,  1899,  Blatchley. 

From  Superintendent  of  Documents,  Washington,  D.  C. 
Monthly  Summary  Commerce  and  Finance,  March,  1900. 

"     "  "  "  "  "        April,  1900. 

Consular  Reports,  May,  1900,  No.  236. 
June,  1900,   "    237. 
Exports  declared  for  the  United  States  ;    Supplement  to  Consular  Reports, 
No.  235. 

Year- Book,  Department  of  Agriculture,  1895. 
«'  "  1897. 

From  Percy  T.  Osborne,  Philadelphia. 
Annual  Report,  Chief  of  Engineers,  1881. 
Strains  in  Trusses,  Ranken,  1872. 
Engineers'  and  Contractors'  Pocket-Book,  Weale,  1854. 
Railroad  Curves,  Trautwine,  1851. 
Engineers*  Common-Place  Book,  Templeton,  1841. 
Mortars  and  Cements,  Vicat,  1837. 
Skeleton  Structures,  Henrici,  1867. 
Pocket  Companion,  Byrne,  1851 . 
Rudiments  of  Civil  Engineering,  Law,  1848. 
Report  ou  Cauca  Railway,  Cisneros,  1878. 
Bridge  Building,  Crescy,  1839. 
Potomac  Aqueduct,  1839. 
T  red  gold 's  Railroads  and  Carriages,  1835. 
Johnson's  Imperial  Cyclopedia  of  Machinery. 
Naval  Dry  Docks  of  United  States,  Stuart. 
European  Railways,  Colour n  &  Holley,  1858. 
Computation  of  Earth-work,  Warner,  1861. 
Journal,  Frauklin  Institute,  Vols.  XXXIX-XLII. 
Engineers'  and  Architects'  Journal,  Vols.  VII-XXI,  1844-1858. 
Waterford  and  Limerick  Railway  Profile  (Ireland). 

From  James  B.  Bonner,  Philadelphia. 
Pocket  Companion,  1900. 

From  Department  of  State,  U.  S.  A. 
Report,  Seventh  International  Congress  of  Navigation,  Brussels,  July,  1898. 
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From  Board  of  Railroad  Commissioners,  Albany,  N.  Y. 
Report  on  Teste  of  Street-ear  Brakes,  1899. 

From  Institute  of  Civil  Engineers,  London. 
Excerpt  Minutes  of  Proceedings,  Vol.  CXL,  Session  1899-1900,  Part  II. 

From  Geo.  S.  Webster,  Chief  Engineer,  Bureau  of  Surveys,  Phil  a. 
Annnal  Report,  Bureau  of  Surveys,  Phi  la.,  1899. 

From  the  Merchants'  Ass'n  of  New  York. 
The  Water-supply  of  the  City  of  New  York. 

From  the  Amer.  Soc.  Heating  and  Vent.  Engineers. 
Transactions,  Vol.  5. 

From  Harvey  Linton,  Altoona,  Pa. 
Manual  for  City  of  Altoona,  Pa.,  1900-1901. 

From  Geological  Survey  of  New  Jersey. 
Annual  Report,  State  Geologist,  1889. 

From  Commissioner-General  for  United  States. 
Paris  Exposition,  Official  Catalogue  U.  S.  Exhibitors. 

From  J.  W.  Taylor,  Sec'y. 
Proceedings  American  Railway  Master  Mechanics  Ass'n.,  Vol.  XXXIH,  1900. 

From  G.  Eiffel,  Paris,  France. 
La  Tour  de  Trois  Cents  Metres.    2  Vols.,  Plates  and  Text. 

From  Montana  Society  of  Engineers. 
Synopsis  of  Proceedings  of  Meetings,  1899. 
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VoL  XVm.  FEBRUARY,  190U  No.  U 

NINETEENTH-CENTURY  ENGINEERING :  ITS  EVOLUTION,  AND 
SOMETHING  OF  ITS  BEGINNINGS  IN  AMERICA. 

ADDRESS  BY  THE  RETIRING  PRESIDENT, 
EDGAR  MARBURG. 

Read  January  19,  1901. 

Engineering,  in  its  modern  and  highest  sense,  had  its  birth  in  the 
nineteenth  century  when  science  became  its  spirit.  The  history  of 
science, — its  early  birth,  its  long  slumber,  its  awakening  scarce  four 
centuries  ago,  its  rapid  rise,  and,  finally,  its  beneficent  union  with  the 
arts  in  the  century  just  closed, — forms  one  of  the  most  impressive  chap- 
ters in  the  annals  of  the  human  race.  It  is  the  later  phases  of  this 
development  upon  which  I  shall  chiefly  dwell ;  yet,  for  a  true  perspec- 
tive, the  story  must  be  traced  from  its  beginning. 

Science  received  its  first  vigorous  impulse  during  the  third  and 
fourth  centuries  before  the  dawn  of  the  Christian  era.  Aristotle  and 
Archimedes — twin  luminaries  of  the  ancient  scientific  world — were  its 
chief  exponents.  In  the  sense  that  Aristotle  may  be  called  the  father 
of  philosophy,  Archimedes  was  the  parent  of  mechanics.  The  one 
concerned  himself  more  with  the  abstract ;  the  other,  with  the  concrete. 
While  Aristotle  formulated  philosophic  theories,  at  once  profound  and 
fanciful, and  all-embracing  in  their  scope,  Archimedes'  teachings  were 
addressed  straight  to  men's  reason.  Yet  the  Aristotelian  philosophy, 
in  form  much  mutilated  and  perverted,  was  destined  to  hold  sway  for 
1  1 
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well-nigh  twenty  centuries.  Throughout  this  epoch  fantastic  specu- 
lations passed  for  science,  scholars  concealed  their  ignorance  behind  a 
veil  of  mysticism,  and  their  disciples  accepted  in  reverent  faith  false 
dogmas  handed  down  through  ages.  The  application  of  the  principles 
of  science  to  the  practice  of  what  were  called  the  sordid  arts  was  held 
in  contemptuous  disdain  by  the  learned  as  a  desecration  of  science. 
Inductive  methods  of  investigation  were  similarly  despised :  if  facts 
did  not  accord  with  philosophic  theories,  so  much  the  worse  for  the 
facts. 

Thus  steeped  in  ignorance  and  superstition  stood  the  world  at  the 
dawn  of  the  sixteenth  century.  Exact  science  had  made  no  progress 
since  the  days  of  Archimedes.  Then  came  the  intellectual  awakening. 
Slowly  at  first,  but  surely,  the  clouds  were  lifted  and  science  was  lib- 
erated from  its  encircling  maze  of  metaphysical  obscurities.  The 
leaders  in  the  crusade,  Copernicus,  Galileo,  and  their  followers,  met 
with  fierce  denunciation  for  their  heresies.  But  though  the  authors 
did  not  escape  the  ridicule  and  persecution  of  their  times,  their  works 
lived  after  them.  A  new  school  of  philosophers  sprang  up;  the  light 
of  science  had  been  rekindled.  Its  expounders  grew  more  and  more 
audacious,  until  in  the  end  their  position  became  impregnable.  But 
the  breaking  down  and  stamping  out  of  the  time-honored  dogmas  and 
superstitions  was  still  the  work  of  centuries. 

To  recount,  even  in  the  barest  outline,  the  chief  discoveries  of  the 
illustrious  line  of  scientists  who  cleared  the  way,  during  the  sixteenth, 
seventeenth,  and  eighteenth  centuries,  for  the  triumphs  of  our  age  would 
far  transcend  the  limits  of  my  narrative,  and  were  indeed  foreign  to 
its  purpose.  The  important  fact  is  to  be  held  in  view,  however,  that 
up  to  the  beginning  of  the  present  century,  science — notwithstanding 
its  brilliant  progress — had  made  relatively  little  impress  upon  the  arts. 
Engineering,  the  special  subject  of  our  inquiry,  was  then,  as  it  had 
ever  been,  the  art  and  not  the  science  and  art  of  construction ;  and 
was  dependent,  as  it  had  ever  been,  upon  precedent,  empiricism,  or 
bold  initiative  without  the  adventitious  aid  of  science.  Practice  and 
theory,  so  far  as  the  latter  had  been  developed,  were  still  separated  by 
a  formidable  gulf.  Science  was  esoteric;  its  writings  were  fragmen- 
tary, comparatively  inaccessible,  largely  in  Latin,  and  unkuown  or 
unintelligible  to  men  of  practical  training.  Moreover,  the  theory 
underlying  such  fundamental  matters  as  the  resistance  of  materials,  the 
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stability  of  structures,  the  flow  of  fluids,  the  efficiency  of  motors,  had 
been  inadequately  developed  or  involved  errors  and  misconceptions  to 
such  extent  as  to  render  it  unfit  for  the  needs  of  practice.  Such  few 
experiments  as  had  been  made  to  test  the  validity  of  theoretic  laws  had 
necessarily  been  conducted  on  a  small  scale  with  crude  appliances. 
That  elusive,  ever-varying,  but  indispensable,  bond  between  theory 
and  practice — the  empiric  constant — had  scarcely  an  existence. 

Such,  in  brief  outline,  were  the  conditions  at  the  opening  of  the 
nineteenth  century,  nor  might  they  have  been  essentially  different  at 
its  close  but  for  the  discovery  of  the  potentialities  of  steam.  It  were, 
indeed,  an  interesting  field  for  speculation  to  fancy  what  the  world 
would  be  to-day  had  Watt's  invention  been  deferred  another  century ; 
or,  on  the  other  hand,  to  consider  how  greatly  its  exploitation  would 
have  been  retarded  had  it  been  given  to  the  world  three  centuries 
earlier,  when  science  existed  in  little  more  than  name. 

Although  it  is  impossible  in  our  day  to  gain  a  just  conception  of 
life  a  century  ago,  yet  it  will  at  least  conduce  to  a  better  understand- 
ing for  present  purposes  to  notice  briefly  the  state  of  transportation 
in  England  and  America  during  the  period  immediately  antedating 
the  age  of  steam. 

The  history  of  barge  canal  navigation  in  England  dates  only  from 
1759,  when  the  first  Act  was  passed  authorizing  the  construction  of  a 
canal  from  Worsley  to  Manchester.  It  was  a  prodigious  undertaking 
for  its  day;  Francis,  the  Duke  of  Bridgewater,  was  its  patron ;  James 
Brindley,  the  engineer.  Some  curious  glimpses  of  the  times  may  be 
had  from  Smiles'  "  Life  of  Brindley."  Manchester  was  then  an  active 
manufacturing  town  of  20,000  inhabitants,  in  which  all  operations 
of  manufacture  were  carried  on  by  hand.  The  surrounding  conditions 
were  fairly  typical  of  inland  towns  in  England  at  that  period.  The 
roads  out  of  Manchester  were  so  wretched  that  the  traffic  had  to  be 
carried  on  largely  by  pack-horses.  Much  suffering  resulted,  especially 
in  winter,  from  the  frequent  scarcity  of  food  and  dearness  of  fuel  for 
want  of  transportation,  although  coal  abounded  within  a  short  dis- 
tance of  the  town.  Smiles  writes  in  1864:  "It  is  difficult  now  to 
realize  the  condition  of  the  poor,  in  remote  districts  of  England,  at 
that  time.  In  winter  they  shivered  over  scanty  wood-fires,  for  timber 
was  almost  as  scarce  and  as  dear  as  coal.  Fuel  was  burnt  only  at 
cooking  times  or  to  cast  a  glow  about  the  hearth  in  the  winter  even- 
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ings.  The  fire-places  were  little  apartments  of  themselves,  sufficiently 
capacious  to  enable  the  whole  family  to  sit  within  the  wide  chimney. 
Fortunate  were  the  villagers  who  lived  hard  by  a  bog  or  a  moor,  from 
which  they  could  cut  peat  or  turf  at  will.  They  ran  all  risks  of  ague 
and  fever  in  summer,  for  the  sake  of  the  ready  fuel  in  winter.  But 
in  places  remote  from  bogs  and  scantily  timbered,  existence  was 
scarcely  possible;  and  hence  the  settlement  and  cultivation  of  tfie 
country  were  in  no  slight  degree  retarded  until  better  communications 
were  opened  up." 

Nevertheless,  the  first  canal  projects  in  England  evoked  a  storm  of 
ridicule  and  opposition,  as  did  the  railways  a  half-century  later.  Some 
denounced  the  scheme  as  visionary  and  impracticable ;  others  predicted 
that  the  country  would  be  ruined,  that  estates  would  suffer  irreparable 
damage,  that  inland  navigation  would  destroy  the  coasting  trade,  that 
the  canals  would  drain  the  water  from  the  rivers,  and  that  the  many 
owners  and  drivers  of  wagons  and  pack-horses  would  be  wrongfully 
deprived  of  their  living.  An  engineer  consulted  by  the  Duke  on 
Brindley's  plan  of  spanning  the  Irwell  by  an  aqueduct,  condemned 
the  same  as  wholly  impracticable,  closing  with  the  caustic  observation : 
"  I  have  often  heard  of  castles  in  the  air,  but  never  before  saw  where 
any  of  them  were  to  be  erected."  Within  less  than  two  years  the 
canal  had  been  completed  as  projected,  and  the  "castle  in  the  air" 
had  become  a  thing  of  stone  and  mortar.  Contemporary  writers 
referred  to  it  glowingly  as  a  "  river  hung  in  the  air"  and  as  "  perhaps 
the  greatest  artificial  curiosity  in  the  world,  visited  daily  by  crowds 
of  people,  including  those  of  the  first  fashion."  It  is  related  that 
"  most  of  the  laborers  employed  upon  the  work  were  of  a  superior 
class,  and  some  of  them  were  '  wise '  or  l  cunning  men/  blood-stoppers, 
herb-doctors,  planet-rulers  and  the  like,  whose  very  superstitions  made 
them  thinkers  and  calculators." 

Notwithstanding  the  complete  success  of  the  undertaking  and  the 
immediate  benefits  that  followed,  the  opposition  was  by  no  means 
pacified.  In  some  later  projects,  planned  on  a  larger  scale,  it  was 
proposed,  as  a  conciliatory  measure,  that  the  canal  should  not  be  car- 
ried nearer  than  within  four  miles  of  any  important  town,  so  that  the 
carriers  and   horses  might  not  be  thrown  out  of  employment.*     A 


*  "The  Advantages  of  Inland  Navigation,"  by  R.  Whitworth,  1766. 
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number  of  towns  were  thus  left  high  and  dry,  to  the  serious  injury, 
as  they  soon  peroeived,  of  their  own  interests. 

The  physical  difficulties  surmounted  in  the  construction  of  these 
new  arteries  of  travel  and  commerce,  by  expedients  equally  bold  and 
ingenious,  are  among  the  most  notable  achievements  in  the  earlier  his- 
tory of  engineering,  to  which  justice  can  not  be  done  by  a  brief  recital. 
A  gentleman  of  the  period — an  eye-witness  to  the  construction  of  one 
of  the  great  tunnels  in  1767 — was  moved  to  refer  to  the  subterra- 
nean navigation  as  the  "  eighth  wonder  of  the  world/'  and  informs 
his  correspondent  that  "  the  great  Mr.  Brindley  handles  rocks  as  you 
would  plum-pies,  and  makes  the  four  elements  subservient  to  his  will." 
The  engineers  of  our  day  may  find  some  comfort  in  the  knowledge 
that  the  wizard  thus  eulogized — without  whose  services  a  work  cost- 
ing the  then  stupendous  sum  of  220,000  pounds  could  scarcely  have 
been  carried  to  a  successful  issue — received  a  compensation  at  no  time 
exceeding  3*.  6d.  a  day.  This  was  the  unlettered  genius  of  whom 
Carlyle  wrote:  "The  ineloquent  Brindley,  behold  he  has  chained 
seas  together;  his  ships  do  visibly  float  over  valleys,  invisibly  through 
the  heart  of  mountains ;  and  the  Mersey  and  the  Trent,  the  Hum- 
ber  and  the  Severn,  have  shaken  hands." 

These  earlier  works,  aside  from  their  immense  commercial  value  to 
the  districts  traversed,  proved  so  remunerative  to  their  owners  that 
similar  enterprises  were  started  on  all  sides.  Before  the  close  of  the 
century,  England  had  been  channeled  in  all  directions,  and  the  king- 
dom stood  on  the  verge  of  a  canal  craze.  Then  came  the  usual 
chapter  of  overspeculation  and  stock-jobbing,  with  its  invariable 
sequel  of  panic  and  bankruptcy.  But  these  temporary  evils  were  as 
nothing  in  contrast  with  the  lasting  benefits  conferred  upon  the  people 
— especially  the  poorest  and  most  dependent  classes — through  the  bet- 
terment of  transportation. 

In  America  the  conditions  at  that  early  period  were  very  different. 
When  the  colonies  had  emerged  from  their  long  struggle  for  indepen- 
dence, the  question  of  improved  transit  pressed  with  doubled  force. 
The  settlements  were  widely  scattered  ;  the  highways  which  threaded 
the  intervening  wilderness  were  in  a  state  wretched  beyond  descrip- 
tion ;  but  the  country  was  impoverished  and  public  improvements  on 
a  larger  scale  were  for  the  time  impossible.  Stages,  retired  for  the 
most  part  during  the  war,  resumed  their  lumbering  course  between 
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distant  towns.  Rivers  were  crossed  in  row-boats  and  clumsy  scows. 
At  times  of  wind  and  ice  the  passage  was  fraught  with  peril.  To  go 
from  Philadelphia  to  Boston  meant  an  arduous  journey  of  nine  days. 
The  traveler  was  cooped  in  the  stage  for  eighteen  hours  out  of  the 
twenty-four,  not  counting  the  intervals  of  freedom  during  which  he 
lent  a  hand  at  extricating  the  heavy  vehicle  from  a  rut.  The  tour 
from  Philadelphia  to  New  York  usually  occupied  three  days,  although 
as  early  as  1766  a  vehicle,  dubbed  the  flying  machine,  "  being  a  good 
wagon  with  seats  on  springs,"  was  announced' to  make  the  trip  in  the 
remarkable  time  of  two  days,  though  not  without  an  increased  charge.* 
Who  will  say  but  that  our  own  "cannon-ball  express"  will  in  its  turn 
provoke  the  indulgent  smile  of  future  generations? 

Canals  had  at  that  time  no  existence  in  America.  Long  before  the 
Revolutionary  War,  far-sighted  men  had,  indeed,  perceived  their 
economic  value,  and  general  locations  had  been  proposed ;  but  nothing 
decisive  had  resulted.  As  early  as  1690  William  Penn  had  conceived 
the  idea  of  connecting  the  Schuylkill  with  the  Susquehanna,  f  In 
1762,  or  nearly  three-quarters  of  a  century  later,  an  actual  survey  of 
this  route  was  made  by  David  Rittenhouse.J  George  Washington 
had  planned  to  join  the  waters  of  his  favorite  Potomac  with  the  Ohio, 
with  a  view  not  only  of  providing  a  better  outlet  for  the  commerce  of 
the  West,  but  of  diverting  the  northern  fur  trade  from  Montreal  to 
Alexandria. 

The  war  set  for  a  time  an  end  to  all  such  schemes ;  but  soon  upon 
its  close  canal  construction  was  actively  initiated.  As  early  as  1785 
the  Potomac  Company  was  incorporated,  with  Washington  himself  as 
President,  for  the  improvement  of  navigation  on  the  Potomac.  The 
Santee  Canal,  to  connect  the  Santee  River  with  Charleston  harbor, 
was  chartered  in  the  year  following.  This  canal,  twenty-two  miles 
in  length  and  completed  in  1800,  had  the  distinction  of  being  the  first 
artificial  waterway  for  inland  navigation  in  America,  and  the  mis- 
fortune of  proving  unsuccessful.  The  Schuylkill  and  Susquehanna 
Navigation  Company  and  the  Delaware  and  Schuylkill  Navigation 


*McMaster's  "  History  of  the  People  of  the  United  States." 
f  William  Peon's  "  Proposals  for  a  Second  Settlement  in  the  Province  of  Penn- 
sylvania" (1690). 

t  Watson's  "Annals  of  Philadelphia." 
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Company  were  incorporated  in  1791  and  1792  respectively.  After  a 
joint  expenditure  of  nearly  half  a  million  dollars  both  companies 
found  themselves  in  financial  straits,  and  construction  had  to  be  aban- 
doned. Long  afterward  their  interests  were  merged  and  the  work 
was  finally  completed  as  the  Union  Canal  in  1827.  In  January, 
1828,  the  first  boat,  the  " Susquehanna,"  with  its  cargo  of  "black 
diamonds"  from  the  coal-fields,  passed  the  summit  level. 

Space  does  not  admit  of  a  connected  account  of  these  early  naviga- 
tion projects.  An  exception  must  be  made,  however,  of  an  enterprise 
in  New  York  which  paved  the  way  for  the  great  Erie  Canal.  In  1792 
the  Western  Inland  Lock  Navigation  Company  obtained  authority  by 
Act  of  Legislature  to  establish  navigable  communications  from  the 
Hudson  River  to  Lake  Ontario  and  to  Seneca  Lake.  The  work  con- 
sisted in  the  improvement  of  existing  water-courses;  the  circumven- 
tion of  falls  by  locks ;  and  the  construction  of  a  canal  about  two  miles 
in  length  from  the  upper  waters  of  the  Mohawk  to  Wood's  Creek, 
emptying  into  Oneida  Lake.  It  is  related  that  the  committee  ap- 
pointed to  explore  the  route  and  to  prepare  the  preliminary  estimates 
had  so  little  data  for  their  guidance  that  they  found  it  expedient  to 
send  a  delegation  of  "respectable  mechanics"  to  examine  the  works 
then  in  course  of  construction  on  the  Potomac*  They  duplicated  the 
serious  error  committed  there  of  building  the  locks  of  wood  which 
fell  into  decay  within  six  years.  Navigation  from  Schenectady  to 
the  Seneca  Falls  was  opened  in  1796,  at  a  cost  far  exceeding  the  orig- 
inal estimate  of  $200,000. 

Reviewing  these  early  navigation  projects  in  general,  their  history 
is  largely  one  of  failure — partial  or  complete — and  of  financial  loss. 
The  first  efforts  were  directed  mainly  to  the  improvement  of  naviga- 
tion on  the  rivers  by  the  removal  of  obstructions,  the  building  of 
sluices,  and — at  more  difficult  points — by  the  construction  of  locks. 
Engineering  skill  and  money  were  both  lacking.  The  cost  usually  far 
outran  the  estimate.  The  want  of  experience  necessitated  the  employ- 
ment of  foreign  engineers.  Foremost  among  these  stood  William 
Weston,  described  by  Watson  as  "  a  respectable,  practical  canal  en- 
gineer, from  England." 

*"  History  of  the  Rise,  Progress,  and  Existing  Condition  of  the  Western 
Canals,"  by  Elkanah  Watson  (1820). 
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The  bold  conception  of  connecting  the  Hudson  with  Lake  Erie  by 
an  independent  canal  can  not  be  definitely  traced  to  its  first  author.* 
The  question  began  to  be  agitated  soon  after  1800.  The  magnitude 
of  the  undertaking  seemed,  however,  so  appalling  that  the  matter  was 
not  taken  seriously  until  1808,  when  Resolutions  were  passed  by  the 
State  Legislature  looking  to  the  appointment  of  a  committee  "  to  take 
into  consideration  the  propriety  of  exploring,  and  causing  an  accurate 
survey  to  be  made  of  the  most  eligible  and  direct  route  between  the 
tide  waters  of  the  Hudson  River  and  Lake  Erie."  To  initiate  this 
work,  the  modest  appropriation  of  $600  was  set  aside.  James  Geddes, 
who  was  employed  to  make  this  survey,  used  an  instrument  made  in 
Philadelphia  by  David  Rittenhouse.  Again  nine  years  elapsed  until, 
by  the  passage  of  the  memorable  Act  of  April  17,  1817,  the  enter- 
prise was  definitely  launched.  So  vigorously  was  it  prosecuted  that 
it  was  completed  within  eight  years,  its  total  length  from  Albany  to 
Buffalo  representing  a  distance  of  363  miles.  Elkanah  Watson,  who 
thirty  years  before  had  been  one  of  the  first  explorers  and  most  ardent 
advocates  of  the  route  from  the  Hudson  to  Seneca  Lake,  writes  in 
1820:  "  The  utmost  stretch  of  our  views  was  to  follow  the  track  of 
Nature's  canal  and  to  remove  natural  or  artificial  obstructions ;  but  we 
never  entertained  the  most  distant  conception  of  a  canal  from  Lake 
Erie  to  the  Hudsou.  We  should  not  have  considered  it  much  more 
extravagant  to  have  suggested  the  possibility  of  a  canal  to  the  moon." 
The  estimated  cost  was  somewhat  less  than  $5,000,000.  The  actual 
amount  exceeded  twice  that  sura,  borne  by  the  State  of  New  York 
single-handed,  after  futile  efforts  to  secure  the  cooperation  of  the  ad- 
jacent States  and  of  the  national  government.  The  Erie  canal  will  be 
forever  memorable  as  the  first  great  triumph  of  native  engineering 
skill.  Too  much  credit  can  not  be  given  to  those  pioneers  of  our  pro- 
fession in  America, — to  Benjamin  Wright,  James  Geddes,  and  their 
associates, — through  whose  talents,  resourcefulness,  and  sound  judg- 
ment success  came,  not  as  a  happy  chance,  but  as  an  inevitable  sequel. 

Let  us  turn  now  to  a  hasty  survey  of  the  early  history  of  steam. 
In  1763  Watt  conceived  his  master- thought,  destined  to  revolutionize 
the  world.     After  a  wearisome  struggle  of  thirteen  years  the  first  prac- 


*  Memoir  prepared  for  Presentation  at  the  Opening  of  the  New  York  Canals, 
1825,  by  Cadwallader  D.  Colden. 
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tical  difficulties  had  been  surmounted,  and  Watt's  low-pressure,  con- 
densing engine  pointed  out  new  possibilities  in  the  use  of  steam. 
Men's  minds  soon  fell  to  exploiting  these  in  novel  channels.  In 
1801  Symmington  used  Watt's  engine  to  propel  the  "Charlotte  Dun- 
das"  on  the  Clyde.  The  honor  of  the  first  commercial  success  in 
steam  navigation  was  won,  however,  by  America,  in  1807,  when  Ful- 
ton's "  Clermont "  steamed  from  New  York  to  Albany.  Indeed,  as 
early  as  1787,  the  erratic  genius  of  John  Fitch  had  contrived  a  dimiuu- 
tive  steam  craft,"  The  Perseverance,"  which  made  a  trip  up  the  Dela- 
ware from  Philadelphia  to  Burlington.  The  first  crossing  of  the 
Atlantic  by  steam  was  from  West  to  East,  in  1819,  when  the  American 
vessel,  the  "Savannah,"  covered  the  distance  from  Savannah  to  Liv- 
erpool in  twenty-five  days,  during  eighteen  of  which  she  had  proceeded 
under  steam. 

As  early  as  1779,  an  American,  Oliver  Evans,  had  constructed  the 
first  high-pressure,  non-condensing  engine.  His  application,  in  1786, 
for  a  patent  on  the  propulsion  of  land  carriages  by  steam  was  denied  by 
the  State  of  Pennsylvania,  the  idea  being  regarded  as  preposterous. 
The  patent  was  awarded  later  by  the  State  of  Maryland.  It  is  esti- 
mated that  in  1803  there  were  not  more  than  six  steam-engines  in 
America,  two  of  which  belonged  to  the  Philadelphia  waterworks. 
These  engines  as  well  as  their  boilers  were  made  largely  of  wood.* 

At  the  beginning  of  the  century,  Trevi thick  was  struggling  in  Eng- 
land for  the  adoption  of  high-pressure  steam  against  determined  oppo- 
sition, headed  by  Watt  himself.  Nevertheless,  his  first  steam-carriage, 
nicknamed  "  The  Puffer,"  was  operated  in  1801,  and  was  followed 
three  years  later  by  the  first  locomotive  worthy  of  the  name. 

It  were  tedious  to  enumerate  the  various  schemes  designed  to  over- 
come the  imperfections  of  Trevithick's  invention.  They  were  based 
mostly  on  the  prevailing  fallacy  that  smooth  wheels  could  exert  little 
or  no  tractive  force  on  the  rails.  Toothed-wheels  and  rack-rails,  end- 
less chains,  movable  legs  and  feet,  and  other  strange  devices  were 
designed  to  remedy  the  imagined  difficulty.  Although  this  curious 
error  was  refuted  by  Hedley's  experiments  in  1813,  many  years  elapsed 
until  the  true  conditions  were  fully  recognized  and  generally  accepted. 


*  "  Notice  of  the  Earliest  Steam  Engines  Used  in  the  United  States,"  by  Fred- 
erick Graff,  "  Journal  of  the  Franklin  Institute,"  1853. 
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George  Stephenson's  first  locomotive  was  built  in  1814.  The  first 
passenger  train,  with  Stephenson  as  engineer,  was  run  on  the  Stockton 
and  Darlington  Railway  on  September  27,  1825.  Then  came  the 
happy  combination  of  the  steam-blast  with  the  multitubular  boiler 
which,  in  October,  1829,  enabled  Stephenson's  "  Rocket "  to  distance 
all  competitors  in  the  famous  trial  on  the  Liverpool  and  Man- 
chester Railway.  The  speed  developed  was  about  thirty  miles  an 
hour.  Four  years  earlier,  Nicholas  Wood  had  written  in  his  then 
authoritative  treatise  on  the  railway :  "  Nothing  can  do  more  harm 
to  the  adoption  of  railways  than  the  promulgation  of  such  nonsense 
as  that  we  shall  see  locomotives  traveling  at  the  rate  of  twelve  miles 
an  hour." 

Thus,  following  Watt's  invention  by  over  fifty  years,  the  locomotive 
had  at  length  attained  to  something  like  perfection.  Accompanying 
the  few  successes  the  failures  had  been  innumerable.  Nothing  in  the 
history  of  invention  is  more  pathetic  and  yet  more  inspiring  than  the 
life-stories  of  some  of  these  heroic  early  workers.  In  the  face  of 
poverty  and  the  derision  of  their  fellows  they  struggled  ever  on. 
Their  burning  thoughts  gave  them  no  rest,  and  disappointment  served 
only  as  a  spur  to  greater  effort.  Negatively,  each  failure  contributed 
something  to  the  common  fund  of  knowledge,  and  thus  their  labors 
were,  after  all,  not  wholly  wasted.  Luckless  John  Fitch  epitomized 
the  feelings  of  many  of  his  class  in  his  despairing  utterance:  "The 
day  will  come  when  some  more  powerful  man  will  get  fame  and  riches 
from  my  invention ;  but  nobody  will  believe  that  poor  John  Fitch  can 
do  anything  worthy  of  attention."  He  died  by  his  own  hand  in 
1798. 

The  experiments  with  steam  locomotion  in  England  soon  attracted 
the  attention  of  American  engineers.  Early  in  1828,  or  nearly  two 
years  before  the  historic  competition  already  mentioned,  Horatio  Allen 
had  been  sent  to  England  to  purchase  three  locomotives  for  the  Dela- 
ware and  Hudson  Canal  Company  for  trial  between  Honesdale,  Pa., 
the  head  of  navigation  on  the  canal,  and  the  coal-mines  at  Carbondale, 
a  distance  of  about  sixteen  miles.  The  first  of  these,  and  indeed  the 
first  locomotive  in  America, — the  "  Stormbridge  Lion," — reached  New 
York  on  May  17,  1829.  Its  first  trial,  a  run  of  three  miles  and 
return,  was  made  at  Honesdale  on  August  9th  of  the  same  year,  with 
Allen  himself  at  the  throttle.     Allen  was  then  twenty-seven  years  of 
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age.  Shortly  before  his  death,  which  occurred  only  eleven  years  ago, 
he  wrote  concerning  that  event  that  he  had  never  run  a  locomotive  or 
any  other  engine  before  or  since  that  time.  This  locomotive  proved 
much  too  heavy  for  the  track  and  therefore  did  not  come  into  service. 
The  track  consisted  of  a  3J  in.  X  J  in.  wrought-iron  strap  rail, 
spiked  to  6  in.  X  12  in.  hemlock  stringers,  which  were  supported  at 
intervals  of  10  feet  by  wooden  blocks. 

The  Baltimore  and  Ohio  Railroad  was  chartered  in  1827,  and  the 
corner-stone  was  laid  on  July  4,  1828.  The  first  section  of  thirteen 
miles  was  opened  on  May  24,  1830,  and  it  was  here,  on  August 
28  of  the  same  year,  that  Peter  Cooper  ran,  with  his  own  hands, 
the  first  locomotive  constructed  in  America.  It  was  a  crude,  hastily 
improvised  affair,  weighing  less  than  one  ton,  built  under  Cooper's 
direction,  and  called  the  "Tom  Thumb."  The  boiler  tubes  were 
made  of  musket-barrels.  The  trial  was  merely  an  experiment  to  test 
the  capability  of  a  locomotive  on  sharp  curves,  which  was  amply 
demonstrated.  But  horses  were  continued  as  the  sole  motive  power 
until  shortly  after  the  famous  competition  instituted  by  the  company 
in  1831  for  locomotives  of  strictly  American  manufacture.  The 
"  York,"  designed  by  Phineas  Davis,  carried  off  first  honors  and  the 
prize  of  $4000.  It  had  been  stipulated  that  the  weight  of  the  loco- 
motive, ready  for  service,  should  not  exceed  3£  tons,  and  that  prefer- 
ence would  be  given,  other  things  equal,  to  the  engine  of  the  lightest 
weight.  The  specified  load  was  15  tons,  to  be  drawn  at  a  speed  of  15 
miles  an  hour  on  a  level  stretch.  The  sharpest  curve  had  a  radius  of 
only  400  feet. 

The  honor  of  having  been  the  first  railroad  in  the  world  designed 
from  the  start  exclusively  for  locomotives  and  the  first  exceeding  100 
miles  in  length  belongs  to  the  South  Carolina  Railroad,  built  from 
Charleston  to  Hamburg,  opposite  Augusta,  a  distance  of  136  miles. 
Chartered  in  1827,  construction  was  not  begun  till  two  years  after- 
ward, under  the  direction  of  Horatio  Allen  as  chief  engineer.  Allen 
advised  in  favor  of  the  new  motive  power  on  the  broad  ground  that 
he  saw  greater  possibilities  in  the  development  of  the  iron  horse  than 
of  its  four-legged  cousin.  The  first  locomotive  built  in  America  for 
actual  service,  the  "  Best  Friend,"  made  its  successful  debut  on  this 
road  early  in  1831.  It  was  designed  by  E.  L.  Miller,  built  by  the 
West  Point  Foundry,  but  came  to  an  untimely  end  through  the  explo- 
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sion  of  its  boiler,  the  negro  fireman  having  innocently  fastened  dowo 
the  lever  of  the  safety-valve. 

The  first  passenger  train  in  America  deserving  of  that  designation 
was  hauled  on  the  Mohawk  and  Hudson  Railroad  from  Albany  to 
Schenectady,  on  August  9,  1831,  the  second  anniversary  of  Allen's 
trip.  The  engine  was  the  famous  "  De  Witt  Clinton/'  built  by  the 
West  Point  Foundry ;  the  distance,  about  sixteen  miles. 

In  Pennsylvania  a  number  of  tramways  to  the  coal-mines  had  been 
built  at  an  earlier  date,  beginning  with  the  gravity  road  at  Mauch 
Chunk  in  1827.  But  the  Philadelphia  and  Columbia  Railroad, 
begun  in  1829  and  completed  in  1834,  was  the  first  in  this  State 
designed  for  general  traffic.  Together  with  the  Pennsylvania  Canal 
and  the  famous  Portage  Railroad  it  established  a  continuous  line  of 
communication  between  Philadelphia  and  Pittsburg.  The  Portage 
Railroad,  one  of  the  boldest  engineering  achievements  of  its  day, 
should  not  be  forgotten  in  this  recital.  It  was  located  by  Moncure 
Robinson,  late  honorary  member  of  our  Club,  who  was  retained  as 
Consulting  Engineer  during  construction,  from  1830  to  1835,  with 
Sylvester  Welch,  Principal  Engineer.  The  total  length  was  36  miles. 
The  Allegheny  Mountains  were  crossed  by  ten  levels  and  ten  inclined 
planes,  operated  by  steam  hoists.  The  ascent  from  Hollidaysburg  to 
the  summit  was  1339  feet  in  10  miles,  and  the  descent  to  Johnstown 
1171  feet  in  26  miles.  Its  chief  features,  otherwise,  were  an  80-foot 
masonry  arch  spanning  the  Connemaugh,  destroyed  during  the  Johns- 
,  town  flood,  and  a  tunnel  901  feet  long — the  first  railroad  tunnel  in 
America.*  The  old  Portage  road  was  abandoned  in  1855,  the  year 
after  the  completion  of  the  Pennsylvania  Railroad  from  Philadelphia 
to  Pittsburg. 

The  early  English  locomotives,  imported  in  America,  proved,  for  the 
most  part,  dismal  failures.  By  reason  of  their  weight  and  their  rigidity 
they  were  adapted  only  to  substantial  road-beds,  comparatively  straight 
and  level.  In  this  country  the  cost  of  such  construction  was  prohibi- 
tive. The  Liverpool  and  Manchester  Railway  was  built  at  an  expendi- 
ture exceeding  $100,000  per  mile.     The  cost  of  the  early  railroads  in 

♦The  first  tunnel  in  America  was  constructed  in  1818-21,  on  the  Schuylkill 
Navigation.  Its  length  was  450  feet ;  width,  20  feet ;  height,  from  canal  bottom,  18 
feet.  "Even  the  name  of  the  engineer  who  located  and  buUt  it  is  not  known." 
Drinker's  "  Tunneling."  Mr.  Edwin  F.  Smith  informs  the  writer  that  this  tunnel 
was  built  by  George  Duncan,  a  Scotch  engineer. 
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America,  with  some  exceptions,  was  scarcely  one-tenth  that  sum.  The 
problem  on  this  side  of  the  Atlantic  was  to  quickly  open  up  a  vast, 
sparsely  settled  country  with  the  limited  means  at  hand.  Steep 
grades,  sharp  curves,  and  light  uneven  tracks  were  inevitable.  Sub- 
stantial iron  rails  were  too  expensive.  Strap-iron,  spiked  to  wooden 
longitudinals,  supported  on  stone  or  timber,  was  the  best  substitute 
available.  These  iron  straps,  cut  to  miter-joints,  soon  wore  loose  and 
not  infrequently  curled  up,  and  forced  their  way  through  the  car- 
bottoms.  They  were  called  "  snake-lieads,"  and  became  in  time  a 
serious  menace  to  the  safety  of  the  train  and  individual  passengers. 

Effective  remedies  became  imperative,  and  native  ingenuity  was 
equal  to  the  occasion.  The  double  problem  of  distributing  the  weight 
of  the  locomotive  on  six  instead  of  four  wheels,  and  at  the  same  time 
increasing  its  lateral  flexibility,  was  solved  by  Jervis'  swivel ing  truck 
as  early  as  1832.  The  equal  distribution  of  the  load  upon  the  wheel 
base  on  an  uneven  track,  and  vertical  flexibility  in  general,  were  effected 
through  Harrison's  invention  of  the  equalizing  lever  in  1837.  These 
features,  since  copied  extensively  in  Europe,  were  for  many  years  the 
distinguishing  characteristics  of  American  locomotive  practice.  Space 
forbids  mention  of  the  important  improvements  originated  by  James, 
Winans,  Baldwin,  Norris,  and  other  American  inventors. 

As  early  as  1840  Norris,  of  Philadelphia,  delivered  in  England 
the  first  four  of  eight  locomotives  ordered  by  the  Birmingham  and 
Gloucester  Railway,  to  operate  the  three  per  cent.  Lickey  incline,  two 
miles  long — a  feat  which  no  English  locomotive  could  accomplish. 
The  first  trial  with  the  "Philadelphia"  was  so  successful  that  it 
resulted  in  a  second  order  for  sixteen  locomotives. 

Mathias  Baldwin  built  his  first  locomotive,  "Old  Ironsides,"  in 
1832.  During  the  year  just  past  the  Baldwin  Works  sent  its  output 
of  1200  locomotives,  weighing  not  far  from  100,000  tons,  to  all 
corners  of  the  globe.  The  acceptance  of  "  Old  Ironsides  "  became  a 
matter  of  serious  concern  because  its  contract  weight  of  5  tons  had 
been  exceeded  by  nearly  one-half.  Our  locomotives  have  now  attained 
an  extreme  weight,  including  tender,  of  nearly  200  tons.* 


*  The  heaviest  locomotive  in  the  world  to-day  is  one  of  the  "  Consolidation ''  type, 
belonging  to  the  Pittsburg,  Bessemer,  and  Lake  Erie  Railroad.  Its  weight,  includ- 
ing tender,  ready  for  service,  is  195.7  tons. 
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During  the  five  years  from  1830  to  1835  the  railway  mileage  in  the 
United  States  had  increased  from  30  to  1098  ;  at  the  close  of  the  cen- 
tury it  stands,  in  round  numbers,  at  190,000,  exclusive  of  second 
tracks  and  sidings.  In  striking  contrast  with  the  gigantic  consolida- 
tion of  our  day,  it  is  interesting  to  recall  that  a  half-century  ago  the 
line  from  Albany  to  Buffalo  and  Niagara  was  divided  between  a 
dozen  different  companies. 

The  general  type  of  the  modern  American  locomotive  became  well 
defined  in  1836  with  Campbell's  eight-wheel  engine  with  its  two  pairs 
of  coupled  drivers  and  swiveling  truck.  The  changes  since  that  time 
have  been  but  so  many  steps  in  the  general  scheme  of  evolution  to 
latter-day  perfection.  To  pursue  these  further  would  go  beyond  the 
scope  of  this  review. 

At  the  beginning  of  the  railway  era  in  England  it  was  seriously 
proposed  by  some  extremists  to  fill  up  the  canals  and  to  convert  them 
into  railways.  A  few  years  later  the  reaction  had  set  in.  The  Liv- 
erpool and  Manchester  Railway  found  that  a  freight  charge  of  about 
six  cents  a  ton-mile  between  its  terminals  barely  oovered  the  cost  of 
service.*  The  annual  repair  charges  on  locomotives  alone  amounted 
to  two  per  cent,  of  the  total  capital  stock.  Fairbairn  (Henry)  pub- 
lished a  treatise  in  1836  adducing  figures  in  proof  of  the  proposition 
that  the  new  mode  of  locomotion  was  ten  times  as  expensive  as  horses, 
and  that  it  was  folly  to  persist  in  its  employment  Perhaps  no  brief 
statement  could  place  the  conditions  then  and  now  in  stronger  con- 
trast. 

With  the  application  of  steam  to  manufactures  and  transportation 
the  field  of  engineering  assumed  a  scope  before  undreamed  of.  New 
problems  arose  at  every  turn  demanding  some  solution,  however  crude. 
Ingenuity  and  good  judgment,  aided  by  experimentation,  accomplished 
much ;  but  there  were  borders  that  could  not  be  passed  till  science 
lent  her  powerful  hand.  Without  detracting  one  whit  from  the  glory 
of  these  earlier  accomplishments— on  the  contrary,  to  the  everlasting 
credit  of  their  authors — may  it  be  asserted  that  engineering  had  little 
scientific  basis  before  the  middle  of  the  nineteenth  century. 

*  As  an  extreme  example  of  low  freight-rates  on  American  railroads  at  the  present 
time,  it  may  be  stated  that  during  the  year  ending  June  30,  1900,  the  Chesapeake 
and  Ohio  Railroad  carried  coal  profitably  at  the  average  rate  of  2.02  mills  per  ton- 
mile. 
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Though  Black  had  enunciated  his  doctrine  of  latent  heat  before 
Watt's  time,  the  beginning  of  exact  knowledge  concerning  the  rela- 
tion between  heat  and  work  dates  from  1824,  when  Carnot  founded  the 
science  of  thermodynamics.  Its  sound  development  became  possible 
only  after  Joule's  experimental  derivation,  in  1843,  of  the  mechanical 
equivalent  of  heat.  This  paved  the  way  in  turn  for  the  profound 
researches  of  Clausius,  Rankine,  Lord  Kelvin,  and  others,  with  their 
far-reaching  consequences  to  steam-engineering  practice. 

The  application  of  the  laws  of  elasticity  to  simple  beams  was  but 
vaguely  recognized  until  Navier's  studies  appeared  in  1824,  and  the 
problem  was  not  completely  solved  till  Saint- Venant  supplied  the 
missing  links  in  1853 — nearly  two  centuries  after  the  discovery  of 
Hooke's  classic  law.  The  development  of  the  theory  of  columns  was, 
in  a  general  way,  concurrent  with  that  of  beams.  The  foundation 
was  laid  by  Euler  in  the  eighteenth  century ;  a  correct,  though  special 
formula  was  derived  by  Tredgold  early  in  the  nineteenth,  but  its 
value  was  not  perceived  until  resurrected  by  Gordon  a  half-century 
later,  and  by  him  applied  to  the  results  of  Hodgkinson's  famous  tests, 
and  developed  finally  into  its  general  form  by  Rankine.  These 
results  were  not  achieved,  however,  without  the  contributions  of  a 
long  line  of  eminent  elasticians.  The  process  was  one  of  gradual 
evolution,  extending  over  several  centuries. 

The  theory  of  stresses  in  framed  structures  presents  a  far  more 
remarkable  history  in  that  it  dates  back  only  to  1847,  when  Squire 
Whipple,  of  Utica,  N.  Y.,  published  the  first  correct  analysis,  as  a  part 
of  two  "  essays  "  on  bridge  building.  This  work,  covering  120  printed 
pages  and  10  plates  of  illustrations,  will  ever  remain  one  of  the  most 
noteworthy  contributions  to  engineering  literature.  In  the  whole 
history  of  engineering  there  is  perhaps  no  fact  more  curious  than  that 
up  to  about  fifty  years  ago  bridge  building  stood  upon  a  purely  em- 
piric basis,  not  only  in  America,  but  throughout  the  world.  The 
safety  of  a  new  design  and  its  merit  compared  with  other  types  could 
be  determined  only  by  the  crude  process  of  subjecting  models  to 
actual  tests.  The  attainment  of  a  correct  and  economic  distribution 
of  the  material  throughout  all  parts  was  obviously  impossible.  The 
security  of  these  earlier  structures  lay  largely  in  the  fact  that  they  were 
mostly  of  a  composite  type,  so  that  the  weakness  of  a  single  member 
did  not  necessarily  destroy  the  integrity  of  the  whole  fabric.     Not- 
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withstanding  this  lack  of  exact  knowledge  concerning  the  special 
functions  of  each  component  part,  the  building  of  wooden  bridges 
was  developed  to  a  high  degree  of  excellence,  and  notably  in  America 
by  Palmer,  Burr,  Wernwag,  Town,  and  Long,  whose  work  has  sur- 
vived, in  part,  to  this  day.  Wemwag's  "  Colossus "  bridge,  built 
across  the  Schuylkill  at  Fairmount,  Philadelphia,  in  1812,  and  de- 
stroyed by  fire  in  1838,  had  the  remarkable  span  of  340  feet  3$ 
inches. 

The  later  products  of  American  bridge  building — beginning  with 
the  works  of  Howe,  Whipple,  and  Pratt,  and  closing  with  achieve- 
ments which  need  not  here  be  specified — may  challenge  comparison 
with  the  world  for  their  intrinsic  excellence.  At  the  same  time  it  is 
only  too  apparent  that  little  more  than  a  beginning  has  as  yet  been 
made  in  this  country  in  the  development  of  what  may  be  called 
"  bridge  architecture":  the  art  which  finds  expression  chiefly  in  the 
effective  design  and  embellishment  of  piers  and  approaches,  in  har- 
mony with  the  structure  as  a  whole — its  purpose  and  its  environment 
This  admission  may  be  made  the  more  unreservedly  since  hopeful 
evidences  are  not  wanting  that  a  turning-point  has  come,  and  that  in 
future  the  immediate  utilitarian  ends  will  be  less  narrowly  kept  in 
view.  Again,  it  should  in  justice  be  acknowledged  that  America's 
contribution  to  the  development  of  the  theory  of  stresses  has  been 
relatively  insignificant. 

No  review,  however  cursory,  of  nineteenth-century  engineering  can 
be  made  without  recognition  of  the  tremendous  debt  it  owes  to  metal- 
lurgy. The  obligation  is  indeed  a  mutual  one,  for  marked  progress 
could  not  have  been  achieved  in  either  practice  save  through  the 
stimulating  impulse  of  the  other.  To  appreciate  in  some  slight 
measure  the  advance  of  iron  metallurgy  within  modern  times,  let  it 
be  remembered  that  the  first  cast-iron  bridge  in  Europe  was  not  built 
till  1776,*  and  the  first  in  America  probably  not  before  1840.f  The 
manufacture  of  cast-iron  on  a  larger  economic  scale  became  possible 


♦This  bridge,  spanning  the  River  Severn  in  England,  at  Coalbrookdale,  was 
designed  and  built  by  Abraham  Darby.  It  is  a  circular  arch  with  a  span  of  102 
feet  and  a  rise  of  45  feet.  It  was  built  in  1776-79  and  is  still  in  service.— Mehr- 
ten's  "  A  Hundred  Years  of  German  Bridge  Building,"  Berlin,  1900. 

fSee  letter  of  Squire  Whipple,  "  Railroad  Gazette,"  April  19,  1889. 
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The  First  Iron  Bridge  in  the  World. 
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ouly  after  Neilson's  invention  of  the  hot  blast  in  1828.  The  superior 
merit  of  wrought-iron  for  constructive  purposes  did  not  become  fairly 
established  till  toward  the  middle  of  the  century.  This  metal  had 
hardly  gained  its  ascendancy  before  a  new  and  mightier  competitor 
arose  which  now  commands  the  field.  Thus  metallurgy  has  created 
three  great  epochs  in  constructive  engineering,  virtually  within  the 
span  of  a  single  century. 

The  indebtedness  of  modern  engineering  to  the  so-called  abstract 
sciences  is  so  obviously  universal  that  no  specific  evidence  need  be 
adduced.  Indeed,  in  a  broad  sense,  it  may  be  said  that  every  step  in 
its  development  and  every  detail  in  its  practice  represent,  directly  or 
indirectly,  the  useful  exploitation  of  some  principle  or  discovery  of 
science.  Nor  should  it  be  forgotten  that  the  most  far-reaching  prac- 
tical results  have  not  infrequently  had  their  source  in  scientific  obser- 
vations which,  even  to  the  most  acute,  seemed  at  the  time  to  hold  little 
or  no  promise  of  future  usefulness. 

The  rise  of  engineering  to  a  truly  professional  plane  may  be  gaged 
perhaps  more  accurately  by  its  schools,  its  literature,  and  its  organi- 
zations than  even  by  its  works.  A  few  historical  notes  along  these 
lines  may,  therefore,  be  of  interest. 

Excepting  West  Point,  the  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.,  is  the  oldest  engineering  school  in  any  English-speak- 
ing country.  As  the  Rensselaer  School,  it  was  founded  in  1824  by 
the  Honorable  Stephen  Van  Rensselaer  with  a  view  of  giving  in- 
struction, to  quote  his  own  words,  "  in  the  application  of  science  to 
the  common  purposes  of  life."  The  small  interest  in  science  at  that 
early  period  is  well  shown  by  the  fact  that  at  about  that  time 
the  University  of  Pennsylvania  abolished  its  department  of  natural 
science,  after  a  languishing  existence  of  eight  years,  on  the  ground 
that  the  establishment  of  the  Franklin  Institute  (1824)  rendered 
"  such  a  department  in  the  University  '  unnecessary/  "*  The  first 
class  in  civil  engineering  was  graduated  at  the  Rensselaer  Institute, 
as  it  was  then  called,  in  1835.  Until  the  reorganization  of  the 
school  under  its  present  name,  in  1849,  and  the  consequent  expansion 
of  its  course  to  three  years,  a  single  year  sufficed  for  obtaining  the 


*" Historical  Sketch  of  the  University  of  Pennsylvania,"  John  L.  Stewart, 
U.  8.  Bureau  of  Education,  Circular  No.  2,  1892. 
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degree  of  Civil  Engineer;  in  fact,  it  was  announced  that  college 
graduates  might  succeed  in  earning  it  in  twenty-four  weeks.* 

At  the  close  of  the  Civil  War  there  were  only  six  institutions  in 
the  United  States  engaged  in  teaching  engineering,  exclusive  of  West 
Point,  with  a  joint  total  of  scarcely  three  hundred  graduates  from 
their  beginning,  f  Since  then,  the  number  of  schools  of  all  grades 
in  which  engineering  courses  are  offered  has  been  swelled  to  a  total  of 
upward  of  a  hundred,  and  the  number  of  graduates  for  a  single  year 
exceeds  fifteen  hundred. 

Turning  now  to  the  engineering  societies,  the  first  attempt  in 
America  to  form  an  organization  of  engineers  was  made  in  1839,  but 
proved  a  failure.  The  impulse  originated  in  Augusta,  Ga. ;  a  conven- 
tion was  held  in  Baltimore;  a  committee  was  appointed  to  arrange 
the  preliminaries  for  a  national  organization ;  this  committee  met  at 
the  Franklin  Institute  in  Philadelphia;  it  prepared  the  draft  of  a 
proposed  constitution  which  was  never  adopted;  and  with  this  the 
movement  came  to  an  untimely  end 4 

To  the  Boston  Society  of  Civil  Engineers,  instituted  on  July  3, 
1848,  belongs  the  credit  of  being  the  first  organization  of  the  kind  in 
the  United  States.  Despite  a  very  small  membership,  its  affairs  were 
fairly  prosperous  till  1855.  After  that  the  attendance  at  meetings 
fell  to  such  an  ebb  that  a  quorum  was  seldom  present. §  Before  the 
resurrection  of  the  Society,  in  1874,  no  meetings  had  been  held  for  a 
period  of  thirteen  years. 

Second,  in  chronological  order,  and  not  least  in  point  of  interest,  is 
a  private  engineering  society  which  held  weekly  meetings  in  Brooklyn 
as  early  as  1851.  Its  euphonious  appellation,  the  "  Wa-ca-ma-ha-ga," 
was  coined  from  the  initial  letters  of  its  six  founders'  names.  Over 
this  curious  signature  so-called  "  Indianeering  "  notes  were  for  a  time 
contributed  to  a  technical  journal  edited  by  one  of  their  number.  The 
members  of  this  Club  were  particularly  active  in  the  subsequent  or- 
ganization of  the  American  Society  of  Civil  Engineers,  and  later  in  its 


*  "  History  of  the  Rensselaer  Polytechnic  Institute,' '  Palmer  C.  Ricketts. 
f  "  Engineering  News,"  August  4,  1892. 

t  "  Historical  Sketch  of  the  American  Society  of  Civil  Engineers,"  C.  W.  Hunt 
$  "  Historical  Address  hy  Desmond  Fitzgerald,"  "  Journal  of  the  Association  of 
Engineering  Societies, "  vol.  xxi. 
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reorganization.  Among  its  fourteen  members,  no  less  than  five  became 
presidents  of  the  national  society  and  several,  vice-presidents  and  other 
officers.* 

The  American  Society  of  Civil  Engineers  was  founded  in  1852. 
Although  organized  as  a  national  society  from  the  start,  it  led  at  first 
a  most  precarious  existence,  in  singular  contrast  to  its  present  state. 
Thus  the  average  attendance  at  meetings  was  six  for  the  first  year  and 
less  for  the  second.  From  1855  there  came  a  twelve-year  period  of 
"  suspended  animation,"  during  which  no  meetings  took  place.  The 
useful  life  of  the  Society  dates  practically  from  its  reorganization  on 
October  2,  1867.  Its  first  publication  did  not  appear  till  five  years 
later.  The  Boston  Society  began  to  print  its  papers  in  September, 
1879,  or  about  six  months  after  the  first  appearance  of  our  own  Pro- 
ceedings. 

There  are  at  present  sixty  to  seventy  or  more  flourishing  societies 
in  the  United  States  devoted  to  the  promotion  of  engineering,  or 
closely  cognate  interests,  by  holding  regular  meetings  and  publishing 
their  proceedings.  Among  these,  scarcely  ten  have  been  in  existence 
over  twenty  years. 

To  American  engineering  journalism  perhaps  no  higher  or  better- 
merited  tribute  can  be  paid  than  that  it  has  kept  squarely  abreast,  and 
often  in  the  van,  of  this  quick  tide  of  progress,  feebly  evidenced  by  the 
records  already  cited.  A  new  form  of  engineering  literature  has 
lately  arisen,  engaged  in  a  praiseworthy  and  most  successful  effort  of 
presenting  engineering  topics  in  a  form  suitable  to  the  understanding 
of  the  intelligent  layman,  without  detracting  from  their  essential  dig- 
nity and  worth. 

The  quickening  of  popular  interest  in  our  profession  has  found 
expression  in  more  substantial  form  by  the  erection  of  new  technical 
schools  or  the  development  of  existing  ones,  through  private  benefi- 
cence or  public  aid,  on  a  scale  undreamed  of  by  a  preceding  genera- 
tion. To  us,  as  most  immediate  beneficiaries  of  this  bounty,  it  comes 
as  but  a  single  token  of  added  individual  responsibility,  which  we 
should  strive  to  justify  by  every  power  that  lies  within  us.  Let  us 
contribute,  to  the  measure  of  our  talents  and  our  opportunity,  to  the 
advancement  of  that  honorable  profession  in  which  we  hold  common 

*  "  Engineering  News,"  Sept.  10,  1887. 
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interest  and  common  trust.  Let  past  achievements  serve  as  inspi- 
rations ;  but  let  the  thought  be  uppermost  that  future  works  are  to 
be  measured  by  ever  higher  standards,  which  we  ourselves  must  set. 
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AMERICAN  ISTHMIAN  CANALS. 

A  Topical  Discussion,  November  3,  1900. 

THE   TOPOGRAPHY  AND  HYDROGRAPHY   OF  THE 
ISTHMIAN   REGION. 

JAMES  CHRISTIE. 

Last  spring  I  had  the  pleasure  of  presenting  informally  to  the 
Club  a  historical  sketch  of  the  various  projects  that  have  been  pro- 
posed for  a  ship-canal  across  the  American  isthmus.  The  present 
discussion  will  be  limited  to  the  technical  and  descriptive  features  of 
the  subject  I  shall  leave  many  details  for  others  to  discuss,  confining 
my  own  remarks  to  the  general  aspects. 

Let  us  first  examine  the  map  of  Central  America,  and  consider  the 
topography  and  hydrography  of  the  long  strip  of  land  connecting 
the  continents.  Embraced  within  a  distance  of  1600  or  1600  miles, 
between  the  gulfs  of  Campeachy  and  Darien,  are  situated  all  the 
routes  that  have  ever  been  proposed  for  locating  a  connecting  ship- 
canal.  Starting  at  the  most  northerly,  we  can  enumerate  them  as 
follows:  Tehuantepec,  Nicaragua,  Panama,  San  Bias,  San  Miguel, 
and,  most  southerly  of  all,  Atrato.  At  the  points  enumerated  exist 
either  depressions  of  the  Cordilleras  or  else  least  distances  between 
oceans,  which  seem  to  present  so  many  comparative  advantages  for 
each  particular  scheme,  as  rendered  it  seemingly  attractive  to  the 
advocates  of  that  route.  This  whole  length  of  land  bears  nearly 
normal  to  the  trend  of  the  northeast  trade- winds,  and  is  wholly 
within  their  influence  for  a  large  part  of  the  year.  When  the  sun  is 
in  its  southerly  course,  the  northeast  trades  blow  constantly  on  this 
coast  and  traverse  it,  reaching  well  beyond  into  the  Pacific.  In  our 
spring  and  summer,  when  the  sun  is  northerly,  the  equatorial  calms 
and  rains  are  drawn  over  Central  America,  and  the  well-known  rainy 
season  occurs.  This  movement  begins  earlier  and  lasts  longer  at  the 
lower  end  of  the  isthmus,  where  the  rainfalls  are  usually  heavier  and 
the  calms  or  baffling  winds  continue  longer  and  are  more  persistent. 
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In  addition  to  the  ordinary  phenomena  of  the  trade-wind  move- 
ment, monsoons  occur,  according  to  Maury's  charts,  especially  in 
Panama  Bay.  This  alternation  is  probably  due  to  the  southwest 
trades,  driven  northward  by  local  influences  and  taking  a  northerly 
or  northeasterly  course,  as  seems  to  be  usual  with  monsoons.  Maury's 
charts  show  the  equatorial  calms  as  being  deflected  northward  out  of 
their  usual  parallel  at  the  upper  Pacific  coast  of  South  America.  If 
this  is  correct,  it  then  follows  that  the  calms  or  baffling  winds  of  the 
equatorial  doldrums  would  begin  earlier,  be  more  persistent,  and  last 


MAPOFPROPOSEO  LINE  OF  NICARAGUA  CANAL  . 

much  longer  on  the  lower  than  on  the  upper  coast  of  Central  Amer- 
ica. This  subject  is  only  mentioned  here  because  it  has  in  the  past 
created,  and  does  still  create,  considerable  discussion  between  the 
advocates  and  opponents  of  the  southerly  routes,  especially  the  Colon- 
Panama  route. 

It  seems  to  be  a  fact  that  sometimes  long  periods  of  calms  occur  in 
Panama  Bay,  and  it  is  on  record  that  sailing  vessels  have  at  times 
been  detained  for  several  months,  but,  according  to  some  navigators, 
the  detention  is  only  occasional  and  is  not  serious.  Possibly  both 
contentions  are  correct  to  some  extent.     It  will  be  remembered  that 
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the  monsoons  of  the  upper  Pacific  coast  of  South  America  are  not 
true  monsoons,  similar  to  those  of  the  Indian  Ocean :  the  forces  that 
create  them  are  not  of  so  positive  and  permanent  a  character  as  the 
latter ;  even  these  sometimes  fail,  whereas  the  monsoons  in  question 
may  frequently  not  have  a  protracted  recurrence  or,  if  so,  only  in  a 
very  mild  way. 


A  TLANT I  C 
\  OCEAN 


/=>  a  c  /  r /  c 

O  C  £  AN 


Throughout  the  whole  district  of  Central  America  the  mountain 
range  or  Cordilleras  lie,  as  a  rule,  toward  the  southern  or  Pacific 
coast;  The  rainfall,  which  is  very  great  in  the  wet  season,  is  much 
heavier — approximately  double— on  the  northern  slopes  than  on  the 
Pacific  slope,  consequently  the  largest  and  most  important  rivers  flow 
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toward  the  Atlantic  coast.  The  average  rainfall  is  also  heavier  at  the 
lower  end  of  the  isthmus  than  at  the  upper  or  northern  end  of 
Central  America.  The  tides  are  much  greater  on  the  Pacific  side 
than  on  the  Atlantic;  on  the  latter  coast  they  are  quite  insignificant, 
whereas  the  tides  at  Nicaragua  on  the  Pacific  frequently  have  a  move- 
ment of  from  eight  to  fifteen  feet.  At  Panama  Bay  the  tides  run 
higher ;  the  ordinary  tide  is  twelve  feet,  and  full  spring  tides  over 
twenty  feet;  occasionally  extreme  tides  are  recorded  much  higher 
than  this. 

In  the  dry  season,  when  the  sun  is  toward  the  southern  tropic,  the 
rainfall  is  insignificant;  the  rivers  dwindle,  and  at  no  point,  except- 
ing in  Nicaragua,  does  a  natural  storage  of  water  exist  capable  of 
supplying  the  locks  for  an  active  traffic.  Therefore,  at  all  the  routes 
where  locks  are  required,  excepting  Nicaragua,  it  will  be  necessary  to 
create  artificial  reservoirs  for  the  storage  of  water.  On  the  other 
hand,  in  the  rainy  season,  these  gentle  streams  become  raging  torrents, 
and  one  of  the  most  serious  problems  has  been  how  to  control  or  dis- 
pose of  the  enormous  rush  of  water  that  annually  occurs  and  occa- 
sionally comes  in  overwhelming  quantities. 

Before  reviewing  the  present  studies  of  the  Nicaragua  and  Panama 
schemes,  it  is  well  to  bear  in  mind  that  if  a  deep  waterway  should  be 
created  between  the  lakes  and  the  Mississippi,,  as  would  appear  to  be 
quite  probable,  and  when  navigation  between  the  lakes  and  the  Gulf 
of  Mexico  is  so  controlled  and  improved  as  to  become  an  important 
route  for  ocean-going  vessels,  it  is  quite  probable .  that  then  the  sub- 
ject of  the  canal  via  the  Coatzocolcos  River  and  Tehuantepec  would 
become  a  project  of  great  importance.  A  glance  at  the  map,  tracing 
the  connection  between  the  mouth  of  the  Mississippi  and  the  Pacific 
ports  of  the  United  States,  will  demonstrate  this. 

Passing  down  to  Nicaragua,  the  existence  of  the  lake  at  the  mod- 
erate elevation  of  110  feet  above  sea-level  has  always  served  to 
render  this  an  attractive  situation  for  a  canal.  The  project  has  been 
entertained  for  hundreds  of  years,  dating  back  to  the  earliest  Spanish 
settlements,  although  it  has  been  more  actively  and  persistently  urged 
since  the  close  of  our  Civil  War,  and  more  especially  by  the  naval 
officers  who  have  examined  and  surveyed  the  route ;  this,  notwith- 
standing that  it  presents  the  longest  distance  between  oceans  of  any 
of  the  various  routes,  being  168  miles  from  Grey  town  to  the  port  of 
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Brito  on  the  Pacific,  and  also  notwithstanding  that  no  natural  harbors 
exist  at  either  end,  bat  have  to  be  created  and  maintained. 

Passing  over  the  various  methods  which  have  been  proposed  in  the 
past  for  constructing  this  canal,  some  of  which  involved  damming 
the  San  Juan  River  at  several  points,  we  may  briefly  review  the 
proposition  of  the  last  company  who  had  undertaken  the  work,  and, 
failing  to  receive  the  anticipated  national  support,  were  compelled  to 
abandon  it.  Their  plan  was  to  dam  up  the  San  Juan  River  a  little 
below  the  confluence  of  the  San  Carlos,  bringing  the  level  of  the  San 
Juan  River  up  to  that  of  Lake  Nicaragua,  and  possibly  also  raising 
the  level  of  the  latter  a  few  feet.  At  the  Atlantic  end  the  canal  was 
to  leave  the  river  above  this  dam,  following  an  artificial  excavation, 
and  a  series  of  three  locks,  respectively  of  45,  31,  and  30  feet  lift, 
were  to  be  constructed  to  raise  or  lower  vessels  between  the  respec- 
tive levels  of  the  ocean  and  the  lake.  On  the  Pacific  side  an  artifi- 
cial cut  was  to  be  made  from  the  lake  to  Brito,  with  a  spillway  and 
three  locks  near  the  cost,  corresponding  to  those  on  the  Atlantic  side. 

The  principal  excavation  would  be  at  two  points:  One  cutting 
through  a  range  of  hills  between  the  dam  and  Greytowu,  involving 
the  removal  of  about  7,000,000  cubic  yards  of  rock ;  the  other,  a 
similar  work  between  the  lake  and  the  Pacific,  of  6,000,000  yards. 

The  amount  of  excavation  involved  by  this  route  does  not  present 
any  serious  difficulty  or  expense,  the  principal  difficulties  arising 
from  the  San  Juan  dam  and  from  the  embankments  that  would  have 
to  be  created  where  the  natural  depressions  occur,  and  from  the  diffi- 
culty of  securing  suitable  foundations  for  the  locks.  These  diffi- 
culties are  so  great  and  are  viewed  so  differently  by  engineers  that  the 
last  commission  which  reported  on  the  subject  nearly  doubled  the 
estimate  of  cost  above  that  reported  by  their  predecessors. 

The  existing  Walker  Commission,  which  has  made  a  long  and 
careful  examination,  will  shortly  report  on  the  subject.  We  can  not 
anticipate  its  opinions,  but  it  has  been  asserted  in  the  press  that, 
failing  to  find  a  proper  foundation  within  a  hundred  feet  of  the 
existing  river  level,  it  may  propose  the  location  of  the  dam  else- 
where. The  accompanying  profile  indicates  the  work  proposed  by 
the  last  canal  company. 

The  advantages  and  disadvantages  of  the  Nicaragua  route  would 
seem  to  be  as  follows.     Advantages :  northerly  course,  involving  the 
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shortest  route  on  the  Pacific  side  for  northerly  bound  traffic.  The 
existence  of  a  lake  as  a  source  of  supply  for  the  locks  proposed,  and 
also  as  presenting  a  large  navigable  body  of  water  over  which  steamers 
could  travel  at  ordinary  speed.  The  internal  trade  of  Nicaragua, 
may  develop  into  one  of  considerable  magnitude.  The  lake  might 
also  be  used  as  a  rendezvous  for  war-vessels,  offering  a  fresh-water 
basin  and  a  salubrious  climate. 

The  disadvantages  are  the  absence  of  natural  harbors  and  the  possible 
expense  in  maintaining  them  when  artificially  constructed.  The  long 
route  to  be  traversed,  which,  at  the  rate  of  four  miles  an  hour  and 
the  delays  in  lockage,  might  require  over  two  days  to  make  the  pass- 
age. The  difficulty  in  securing  a  desirable  location  for  the  construc- 
tion of  a  safe  and  permanent  dam  and  also  for  locks,  and  the  possibil- 
ity of  these  being  injured  by  earthquake  disturbances.  The  problem 
of  protection  from  the  ravages  of  the  San  Carlos  River,  which  at  time 
of  floods  carries  quantities  of  silt  and  might  load  the  canal  with  de- 
tritus, unless  this  river  is  provided  with  an  artificial  outlet  to  dis- 
charge its  waters  below  the  dam,  or  unless  a  suitable  site  for  the  dam 
can  be  found  above  the  outlet  of  this  river;  also  the  curving  track 
vessels  would  have  to  follow,  owing  to  the  tortuous  course  of  the  river 
between  the  dam  and  the  lake. 

It  will  be  remembered  that  any  projects  to  be  considered  for  a  ship- 
canal  at  this  time  must  consider  the  passage  of  vessels  in  a  depth  of 
water  little  less  than  30  feet,  and  locks  little,  if  any,  shorter  than  700 
feet. 

Passing  down  to  Panama  Bay  and  considering  the  Colon-Panama 
route,  it  is  unnecessary  for  us  to  dwell  long  on  the  plan  proposed  by 
the  De  Lesseps  Company  for  a  sea-level  canal  at  this  point.  Here  the 
distance  between  oceans  is  only  43  miles,  or,  considering  the  excava- 
tion required  in  the  bay  on  the  Pacific  side,  the  total  length  of  canal 
would  be  about  46  miles. 

Some  twenty  years  ago  the  late  M.  De  Lesseps,  bearing  the  prestige 
and  honor  bestowed  upon  him,  for  the  successful  work  completed  at 
Suez,  essayed  to  add  to  his  renown  by  accomplishing  a  similar  work 
at  the  American  isthmus.  He  summoned  a  commission  of  eminent 
engineers  to  assemble  at  Paris,  where  the  subject  was  lengthily  inves- 
tigated and  discussed.  Throughout  the  whole  proceedings  the  indi- 
viduality of  De  Lesseps  evidently  dominated  and  controlled  the  final 
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judgment.  It  was  there  decided  that  the  canal,  if  constructed,  must 
be  at  sea-level,  without  locks,  and  that  it  must  be  an  open  cut — that  is, 
not  to  pass  through  a  tunnel.  Manifestly  the  only  point  in  the  isth- 
mus where  this  could  be  effected  without  enormous  cost  was  at  Pan- 
ama, where  the  summit  of  the  Cordilleras  is  only  about  300  feet  above 
sea-level,  whereas  further  down,  at  San  Bias  or  San  Miguel,  the  ele- 
vation of  1200  or  1600  feet  for  several  miles  would  almost  necessarily 
imply  the  use  of  a  tunnel.  De  Lesseps,  with  a  commission  of  eminent 
engineers,  visited  the  isthmus,  and  with  the  enthusiastic  sanguine 
nature  of  the  man,  declared  that  the  work  contemplated  was  easier  to 
execute  than  that  of  Suez.  He  decided  to  start  from  Colon  (Aspin- 
wall),  in  the  Bay  of  Limon,  and  cut  across  a  few  miles  into  the  valley 
of  the  Chagres  River,  as  this  river  discharges  into  the  sea  several  miles 
north  of  the  Bay  of  Limon.  The  canal  here  displaces  the  river  from 
its  bed,  which  was  to  be  deepened,  and  the  canal  was  to  follow  this 
valley  to  a  point  where  it  swerves  to  the  south,  where  a  gigantic  dam 
was  to  be  constructed  for  controlling  the  flood-waters  of  the  river, 
which  would  then  be  diverted  by  another  channel  to  the  ocean. 
Thence  the  canal  would  pass  through  the  dividing  ridge  at  Culebra, 
requiring  a  cut  over  300  feet  deep,  opening  thence  into  the  valley 
of  the  Rio  Grande,  and  following  that  to  the  Panama,  using  a 
tide  lock  for  controlling  the  flood  of  the  tide  on  the  Pacific  side.  In- 
dicative of  the  magnitude  of  this  undertaking,  which  involved  the 
changing  of  rivers  from  their  natural  beds,  was  the  magnitude  of  the 
storage  dam,  designed  to  be  constructed  in  the  Chagres  Valley  above 
Matachin.  This  dam  was  to  be  a  mile  long  at  its  crest,  to  be  about 
130  feet  high,  and  was  designed  to  store  about  1,000,000,000  cubic 
meters  of  water,  and  was  estimated  to  cost  about  twenty  millions  of 
dollars.  The  whole  cost  of  the  canal  was  estimated  at  about  one 
hundred  and  seventy  millions  of  dollars. 

Shortly  after  the  beginning  of  the  work  De  Lesseps,  who  was  then 
a  very  old  man,  apparently  passed  into  senility,  and  the  work  fell  into 
the  hands  of  schemers  and  speculators,  who  inaugurated  a  system  of 
peculation  and  fraud,  revelations  of  which  almost  caused  a  revolution 
in  France.  A  sum  much  exceeding  the  estimated  cost  of  the  com- 
pleted canal  was  spent  with  comparatively  little  result.  The  matter 
was  taken  into  the  French  courts,  and  passed  into  the  hands  of  a  new 
corporation,  known  as  the  New  Panama  Canal  Company. 
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This  corporation  evidently  proceeded  with  considerable  care  and 
deliberation.  A  commission  of  engineers  of  several  nationalities,  and 
of  established  reputation,  was  created,  with  instructions  to  make  a 
new  study  of  the  problem.  This  commission,  after  many  sessions 
during  a  year's  time,  recommended  the  abandonment  of  the  sea- 
level  canal,  and  instead  thereof  proposed  to  put  in  a  system  of  locks, 
either  for  one  or  for  two  upper  levels.  The  difference  in  the  estimated 
cost  of  the  one  or  two  upper  level  schemes  appeared  to  be  little,  as 
compared  to  the  whole  cost  of  the  canal ;  the  object  of  the  third  level 
apparently  being  more  to  save  time  than  expense,  as  there  was  danger 
of  the  time-limit  for  the  concession  expiring,  and  it  had  already  been 
extended  by  the  Republic  of  Colombia.  The  French  company  has 
prosecuted  the  work  with  considerable  vigor,  and  this  year  has  had 
a  large  force  of  men  employed  on  the  isthmus,  and  urgently  re- 
quests the  United  States  Government  to  consider  the  work  that  has 
been,  and  is  being,  done  there,  before  undertaking  a  canal  elsewhere. 
A.  general  outline  of  the  plan  now  being  followed  is  shown  on  the 
accompanying  profile,  the  proposition  being  to  build  a  dam  and  a 
storage  reservoir  on  the  Chagres  Valley,  several  miles  above  its  inter- 
section with  the  summit  level  of  the  canal.  From  this  dam  a  feeder 
will  be  provided  for  supplying  water  to  the  summit  level,  and  a  lateral 
channel  provided  for  the  outflow  of  superfluous  water  in  the  rainy 
season.  At  the  second  level  on  the  Atlantic  side  a  lake  will  be 
created,  the  extended  area  of  which  will  provide  for  flood  water  and 
tend  to  preserve  uniformity  of  level  of  the  canal.  The  French  engi- 
neers estimate  that  at  the  present  time  nearly  one-half  of  the  total 
work  required  is  completed,  and  that  a  further  expenditure  of  less  than 
one  hundred  million  dollars  is  required  to  complete  the  canal. 

The  Walker  Commission  has  carefully  examined  this  work.  Its 
report  will  shortly  be  made  public,  and  is  looked  for  with  consider- 
able interest.  The  duty  of  the  Commission  is  to  recommend  to  the 
national  government  the  most  desirable  location  for  a  canal.  It  is 
to  be  hoped  that  Congress  will  be  guided  by  the  report  and  not  by 
any  preconceived  ideas  in  favor  of  any  particular  plan  or  route,  and 
will  take  proper  steps  to  provide  a  canal,  according  to  the  recom- 
mendation of  the  Commission. 

The  advantages  of  the  Panama  route  would  seem  to  be,  first,  the 
short  length  of  land-locked  water  route.    Its  distance  from  New  York 
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via  the  Windward  passage  differs  little  from  that  of  Nicaragua. 
Of  course,  the  run  northward  on  the  Pacific  side  would  be  greater  by 
several  hundred  miles  than  by  the  Nicaragua  route.  There  are  better 
natural  harbors  at  Panama  than  at  Nicaragua.  The  vertical  height 
to  be  locked,  according  to  the  recent  Panama  plan,  is  nearly  the  same 
in  both  cases.  An  objection  to  Panama  is  found  from  the  prevalence 
of  calms  or  baffling  breezes  at  certain  seasons  of  the  year  in  the  Bay 
of  Panama,  as  previously  described.  This,  of  course,  would  only  affect 
sailing  vessels.  Another  objection  which  arises,  largely  political,  is 
that  the  United  States  Government  is  invited  to  purchase  stock  or 
become  a  shareholder  with  the  French  company  in  this  canal,  as  the 
company,  under  the  concession,  can  not  transfer  its  rights. 

There  are  still  many  zealous  advocates  of  the  San  Bias  and  the 
San  Miguel  routes,  these  being  the  shortest  in  distance  between  the 
oceans,  and  both  possible  without  traversing  the  channel  of  important 
rivers,  bnt  both  unfortunately  involve  a  passage  through  the  Cordil- 
leras where  the  mountains  attain  a  considerable  elevation.  A  sea-level 
canal  at  either  of  these  locations  would  possess  the  great  advantage 
that  it  could  be  widened  from  time  to  time  as  the  traffic  justified  the 
expense. 

If  a  water  channel  300  or  400  feet  wide  could  eventually  be  pro- 
vided, a  speed  of  ten  miles  an  hour  could  be  maintained  during  the 
passage,  enabling  steamers  to  pass  through  in  a  few  hours.  In  such 
an  event  a  tide  lock  would  probably  be  unnecessary.  Considering 
the  rapid  growth  of  the  traffic  at  Suez,  which,  after  an  existence  of 
thirty  years,  has  now  an  annual  traffic  of  10,000,000  tons,  with  a 
revenue  of  eighteen  million  dollars,  it  requires  no  flight  of  imagina- 
tion to  foresee  these  quantities  being  exceeded  at  a  canal  through  the 
American  isthmus  before  the  middle  of  the  coming  century ;  therefore 
a  commodious  canal  in  the  most  convenient  location  should  be  the 
first  consideration,  and  let  cost  be  subservient  thereto. 

Late  events  demonstrate  more  clearly  than  ever,  both  from  a 
political  and  a  commercial  point  of  view,  the  urgent  need  of  opening 
the  canal,  and  the  nation  must  be  prepared  to  spend  several  hundred 
millions  of  dollars,  if  needed,  to  obtain  the  best  that  is  practicable. 
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THE   ENGINEERING   FEATURES   OF   THE   NICARAGUA 

ROUTE. 

EDWIN   P.   SMITH. 

A  whiter  on  the  subject  of  an  Isthmian  canal,  some  thirty  years 
ago,  said  :  "  We  have  spoken  of  the  piercenient  of  the  American  isth- 
mus as  an  international  work.  It  should  rather  be  the  work  of  Amer- 
ican energy,  American  talent,  and  American  money.  It  is  part  of  the 
American  continent.  No  foreign  nation  can  have  the  same  military 
control  of  it  that  Great  Britain  now  has  of  the  Suez  Canal.  .  ... 
The  benefit  of  its  construction,  although  shared  by  the  maritime 
powers,  will  be  most  important  to  the  Americas ;  and,  by  reason  of 
resources,  organization,  and  position,  especially  to  the  United  States." 

These  reasons  are  as  strong  to-day  as  they  were  when  urged  thirty 
years  ago,  in  support  of  the  control  by  the  United  States  of  a  canal 
connecting  the  Atlantic  and  the  Pacific.  Much  time  has  been  spent 
in  the  intervening  years  in  examinations  in  the  field,  and  in  investi- 
gations to  determine  the  best  possible  route ;  and  right  here  it  may  be 
said,  in  explanation  of  the  seemingly  slow  progress  made,  that  the 
location  of  a  ship  canal  across  the  Isthmus  on  a  line  combining  safety 
and  permanence  of  the  works  with  economy  in  first  cost  and  in  future 
maintenance  offers  problems  in  engineering  that  are  far  more  difficult 
of  solution  than  were  those  presented  in  the  location  and  construction 
of  any  of  the  transcontinental  railway  lines,  great  and  enduring  as 
they  are  as  monuments  of  engineering  skill. 

With  the  exception  of  the  Panama  route,  no  Isthmian  project  has 
received  such  careful  examination  as  the  lines  passing  through  Lake 
Nicaragua.  It  is  the  shortest  practicable  route  yet  found  between  the 
Atlantic  and  the  Pacific  seaports  of  the  United  States.  Therefore  it 
is  the  best  route,  provided  the  works  can  be  made  permanent,  and  safe 
against  torrential  rains,  floods,  and  seismic  disturbances. 

The  modern  cargo-carrier  of  to-day,  especially  on  the  Atlantic,  is 
a  costly  ship  compared  to  what  it  was  in  the  days  when  an  isthmian 
canal  was  first  agitated.  In  the  passenger  service  the  limit  has  appa- 
rently not  been  reached  in  steamers  of  750  feet  length,  76  feet  beam, 
and  30  feet  draft.  These  dimensions  have  not  as  yet,been  equaled  by 
freighters,  nor  is  it  to  be  expected  that  they  will  be  in  the  near  future; 
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nevertheless,  they  are  so  large  and  costly  that  the  necessity  already 
exists  of  keeping  them  constantly  employed.  Their  sailing  route 
from  port  to  port  must  be  shortened  as  much  as  possible,  and  the 
time  of  discharging  and  taking  on  cargo  in  port  must  be  reduced  to 
the  minimum. 

Manifestly,  such  costly  vessels  as  our  modern  Atlantic  freighters 
can  not  profitably  be  employed  in  competition  with  the  transconti- 
nental railways  on  the  exceedingly  long  route  around  Cape  Horn  or 
through  the  Straits  of  Magellan.  For  the  best  development  of  the 
commerce  not  only  of  the  United  States,  but  of  the  whole  world,  a 
shorter  route  is  needed  between  the  Atlantic  and  the  Pacific,  and  all 
the  indications  seem  to  point  to  the  Nicaragua  Canal  as  being  the  one 
most  in  favor. 

The  following  table  will  illustrate  the  great  saving  in  distance 
which  would  be  effected  were  the  Nicaragua  Canal  built  and  in  use — 
a  saving  which  would  have  an  immense  influence  upon  commerce  be- 
tween the  Pacific  coast  and  the  East  and  the  markets  of  Europe  : 


From  San  Francisco  to 


New  York, 
Liverpool,  . 


Via 
Capk  Horn. 


14,840 
14,690 


Via 

Nicaragua 

Canal. 


4760 

7508 


Distance 
Saved. 


10,080 

7,182 


I  have  time  to  refer  only  thus  briefly  to  the  saving  in  distance  via 
Nicaragua,  leaving  to  others  the  comparison  of  isthmian  routes,  and 
their  effect  upon  American  and  European  competition  in  the  markets 
of  the  far  East  and  of  South  America,  and  will  confine  myself  to  a 
few  brief  remarks  upon  the  feasibility  of  the  Nicaragua  Canal,  and 
some  of  its  engineering  features. 

The  feasibility  of  the  project,  as  far  as  is  now  known  from  the  pub- 
lished reports  of  surveys,  depends  on  the  control  of  the  lake  level,  the 
dam  in  the  San  Juan  River,  the  maintenance  of  the  divide  cut,  and 
the  embankments  on  the  eastern  division. 

Lake  Nicaragua. — From  the  report  of  the  Nicaragua  Canal  Com- 
mission, 1897-1899,  we  learn  that:  "  It  is  an  interesting  and  peculiar 
feature  of  the  route  that  in  early  geologic  time  the  lake  was  evidently 
an  arm  or  bay  of  the  Pacific  Ocean,  while  the  Continental  Divide 
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traversed  the  isthmus  to  the  eastward  in  the  vicinity  of  Castillo  Viejo, 
and  the  Rio  San  Juan,  as  an  outlet  of  the  lake,  had  no  existence. 
This  is  attested  by  the  remains  of  an  old  river  chanuel,  of  large  dimen- 
sions, which  crossed  the  Western  Divide  and  formed  the  outlet  of  the 
lake  after  it  became  separated  from  the  ocean,  and  by  other  geologic 
features." 

Some  of  the  physical  data  which  are  of  the  most  importance  in  the 
consideration  of  problems  of  water-supply,  lake  regulation,  storage, 
and  operation  we  learn  from  the  report  of  the  Commission  are  as 
follows: 

Area  of  water  surface  of  Lake  Nicaragua,  ....    3,000  square  miles. 
Area  of  entire  drainage  basin  (approximate),  .   .   .  12,900  square  miles. 
Maximum  dimensions  of  Lake  Nicaragua,  .   .   .   .  101  x  45  miles. 
Elevation  of  Lake  Nicaragua  above  sea-level,     .   .  98  to  1 11  feet 

Mean  elevation  above  mean  sea-level, 104.5  feet 

Length  of  San  Juan  River, 121.7  miles. 

Maximum  annual  rainfall  (Rivas  in  1897),  .   •    •   .  123.43  inches. 
Minimum  annual  rainfall  (Rivas  in  1890),  .   .   .   .    31.81  inches. 

The  general  features  of  the  Nicaragua  Canal  embrace,  as  stated  by 
the  Commission : 

First — The  division  between  the  Pacific  and  the  lake — called  the 
western  division. 

Second. — The  lake  itself. 

Third. — The  division  between  the  lake  and  the  Caribbean  Sea- 
called  the  eastern  division. 

It  would  be  both  unfair  and  premature  to  enter  upon  a  critical 
review  of  the  work  of  the  Nicaragua  Canal  Commission,  which  is  still 
engaged  in  the  solution  of  the  vast  problem  of  an  economic  and  safe 
route. 

Those  who  are  at  all  familiar  with  the  Childs  and  Menocal  surveys 
and  plans  can,  however,  see  at  a  glance  ttiat  important  changes  have 
been  made  by  the  Canal  Commission,  1897-99,  and  these  for  the 
betterment  of  the  route  and  the  safety  of  the  projected  works. 

I  will  endeavor  to  go  over  the  subject  briefly,  noting  the  changes 
which  have  been  made : 

Dimensions  of  Canal. — The  prism  of  the  artificial  water-way,  or 
the  canal,  has  been  considerably  enlarged  over  that  of  any  previous 
project.     This  is  a  move  in  the  right  direction.     Indeed,  I  have  no 
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hesitation  in  saying  that  had  the  canal  been  built  on  the  lines  laid 
down  by  Childs  and  Menocal,  it  would  be  useless  to-day  for  any  but 
vessels  of  moderate  dimensions. 

It  is  now  proposed  by  the  Commission  that  the  canal  shall  nowhere 
be  less  than  30  feet  in  depth.  The  width  to  vary  with  local  condi- 
tions as  follows: 

From  Greytown  harbor  to  Boca  San  Carlos,  the  bottom  width  to 
be  150  feet,  with  slopes  in  earth  1 : 1  and  in  alluvial  silt  1 :2.  In 
hard  rock,  vertical  sides  up  to  40  feet  from  the  bottom  ;  then  slopes 
of  5 : 1.     In  soft  rock  the  slopes  to  be  2 : 1. 

In  the  river  the  width  at  bottom  to  be  300  feet  with  slopes  of  1 :  2. 

The  bottom  width  of  the  canal  from  the  lake  to  the  Pacific  to  be 
150  feet,  with  slopes  as  on  the  eastern  division. 

The  calculations  for  lake  level  are  based  upon  a  minimum  elevation 
of  104  feet  above  mean  sea-level,  Caribbean  Sea  as  a  datura. 

The  locks  are  80  X  30  X  665  feet  between  quoins,  giving  an  avail- 
able length  for  vessels  of  620  feet. 

Compared  with  the  former  projects  the  percentages  of  increase  in 
the  areas  of  the  several  cross-sections  are  as  follows : 

Canal  proper, 9. 1  per  cent 

Through  rock  cut, 50.0  per  cent 

In  the  river  (in  rock), 131.0  per  cent. 

In  the  river  (in  earth), 84.0  per  cent 

These  are  all  substantial  increases  in  cross-section,  and  are  abso- 
lutely necessary  in  view  of  the  present  dimensions  of  passenger  and 
freight  steamers,  as  well  as  naval  vessels. 

Regulation  of  the  Lake  Level. — It  has  always  been  admitted  that  the 
regulation  of  the  lake  level  was  a  matter  of  vital  importance  to  a  canal 
by  the  Nicaragua  route.  Its  surface  has  been  known  to  fall  as  low  as 
the  level  of  98  feet  above  mean  sea-level,  and  to  rise  as  high  as 
111  feet  above  the  same  datum,  occurring  at  remote  intervals,  but 
nevertheless  a  standing  menace  to  an  uninterrupted  navigation  unless 
dealt  with  by  the  erection  of  proper  controlling  works  for  the  regula- 
tion of  the  San  Juan  River,  the  natural  outlet  to  the  sea. 

The  effort  in  the  solution  of  the  problem  should  be  to  keep  the  level 
up  to  the  highest  practicable  without  incurring  too  great  damages  from 
the  destruction  of  private  property. 
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The  Commission  has  wisely,  I  think,  reached  the  conclusion  that  the 
lake  may  vary  its  level  from  elevation  104,  the  minimum,  to  110, 
the  maximum ;  and  that  spillway  capacity  of  50,000  cubic  feet  per 
second  should  be  provided  for  regulation,  and  so  arranged  as  to  dis- 
charge 15,000  cubic  feet  per  second  iuto  the  Rio  Grande  River  on  the 
west  side,  and  the  remainder  through  the  San  Juan  River  on  the 
east  side. 

The  Western  Division. — One  of  the  weak  8|>ots  of  the  Menocal  project 
was  the  La  Flor  dam,  which  was  designed  to  create  an  extension  of 
the  lake  westward  to  within  4  miles  of  the  Pacific  Ocean,  creating  a 
basin  6.25  square  miles  in  area,  through  which  navigation  by  deep-draft 
steamers  would  certainly  be  easier  than  through  a  canal.  The  scheme, 
however  tempting,  was  an  unsafe  one.  It  involved  a  high  dam  at  La 
Flor,  to  hold  the  level  of  the  lake  at  110  feet  above  sea-level.  Its 
crest  would  have  to  be  about  110  feet  above  sea-level,  while  the  solid 
rock  is  found  at  about  45  feet  below  sea-level,  making  a  structure  165 
feet  high.  Such  a  darn  is,  to  say  the  least,  utterly  unsafe  in  a  country 
liable  to  seismic  disturbances,  and  it  is  therefore  reassuring  to  tho*e 
who  are  in  sympathy  with  the  Nicaragua  Canal  project  to  know  that 
the  Commission  has  abandoned  it  and  adopted  a  route  following  the 
left  bank  or  east  side  of  the  Rio  Grande  River,  which  plan,  to  use  the 
words  of  the  report,  "  presents  no  special  engineering  difficulties,  ena- 
bles good  sites  for  locks  to  be  selected  (a  most  important  considera- 
tion), and  preserves  for  cultivation  the  fertile  land  bordering  imme- 
diately on  its  banks." 

The  Lake  Division. — The  lake  division  will  be  apparently  the  same 
for  any  project. 

The  Eastern  Division. — The  weakness  of  the  former  projects  for  the 
eastern  division  centered  in  the  Ochoa  dam,  the  controlling  works  for 
the  lake  and  the  San  Carlos  River,  and  the  San  Francisco  embankment 
line.  The  number  of  dams,  large  and  small,  was  67,  and  the  total 
length  of  embankment  line  was  about  15|  miles,  at  some  places  over 
100  feet  high,  with  treacherous  foundations. 

These  difficult  constructions  contained  an  element  of  uncertainty 
which  might  eventually  have  led  to  the  Nicaragua  route  being  con- 
sidered by  vessel-owners  an  unsafe  one,  and  the  Commission  has  wisely 
entered  into  an  exhaustive  and  careful  survey  of  the  entire  east  shle 
between  a  point  above  the  mouth  of  the  San  Carlos  River  and  the  *ea. 
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The  permanency  of  the  canal  depends  more  on  the  proper  solution  of 
the  problem  of  location  of  this  part  of  the  line  than  on  anything  else, 
and  until  the  Commission  has  finished  its  surveys  and  made  its  final 
recommendations,  little  can  be  known  as  to  a  definite  location.  It  is 
an  extremely  difficult  problem,  and  one  requiring  time,  both  for  the 
field  and  office  work. 

As  I  have  said  before,  it  is  much  easier  to  locate  a  line  of  railway 
than  a  canal ;  there  are  fewer  problems  to  be  considered,  fewer  side 
is8ii es  to  intervene  and  spoil  what  would  otherwise  be  a  safe  location. 

It  is  reassuring  to  know  that  the  Commission  has  progressed  so  far 
as  to  abandon  the  Ochoa  dam  and  select  a  site  above  the  San  Carlos, 
where  good  solid  rock  foundation  can  be  obtained,  for  a  dam  of  a 
maximum  height  of  about  138  feet  from  its  foundation,  thus  reducing 
the  cost  and  difficulties  of  construction. 

The  change  also  in  the  number  of  locks  on  the  eastern  division  is 
one  which  I  am  sure  will  be  to  the  advantage  of  the  canal  if  con- 
structed. The  new  plans  of  the  Commission  contemplate  six  locks  on 
the  eastern  division,  of  18.4  feet  lift  each,  instead  of  three,  as  formerly 
proposed.  This  will  certainly  add  to  the  stability  and  permanence 
of  the  works. 

The  latest  estimates  of  the  cost  of  construction  of  the  entire  line 
of  the  Nicaragua  Canal  amount  to  about  $118,000,000,  based  upon 
liberal  prices,  and  an  ample  allowance  for  engineering  and  adminis- 
tration during  construction.  The  Commission,  in  its  report,  refers  to 
the  fact,  which  is  an  important  one,  that  "  the  surveys  have  in  gen- 
eral revealed  better  physical  conditions  than  were  hitherto  supposed 
to  exist,  especially  as  to  the  amount  of  rock  in  the  upper  river, 
whereby  it  is  possible  greatly  to  reduce  the  estimated  cost  of  con- 
struction." Nevertheless  there  are  always  unforseen  difficulties  and 
hindrances,  as  every  engineer  knows,  so  that  it  would  not  appear  im- 
probable that  the  estimated  cost  might  reach  $135,000,000  (nearly), 
as  stated  by  Colonel  Peter  C.  Hains,  in  his  minority  report. 

Even  at  the  latter  figure,  in  view  of  the  high  position  which  the 
United  States  will  inevitably  take  among  the  maritime  powers  of  the 
world,  and  the  wonderful  development  which  must  take  place  in  its 
commerce,  with  in  the  next  quarter  of  a  century,  will  it  not  be  profit- 
able to  build,  own,  and  maintain  the  Nicaragua  Canal  ? 

[Note. — Since  the  foregoing  was  written  the  preliminary  report  of 
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the  Isthmian  Canal  Commission  has  been  made  to  Congress,  and 
unanimously  recommends  the  adoption  of  the  Nicaragua  route  upon 
broader  lines  and  at  a  largely  increased  cost  over  the  estimates  of 
previous  commissions.  The  report  recommends  a  canal  with  a  min- 
imum depth  of  35  feet  throughout,  a  bottom  width  of  150  feet,  and 
with  locks  740  feet  long  by  84  feet  wide.  The  estimated  cost  is 
approximately  $200,000,000. 

As  intimated  previously,  it  would  appear  to  be  unwise  for  the 
United  States  Government  to  invest  its  money  in  a  canal  of  any 
smaller  dimensions,  in  view  of  the  growing  tendency  to  enlarge  the 
size  of  ocean-going  steamers.] 


THE  PANAMA  ROUTE. 

LOUI8    Y.   SCHERMERHORN. 

I  did  not  anticipate  taking  part  in  the  discussion,  but,  since  time 
permits,  there  are  a  few  points  to  which  reference  should  be  made. 
We  have  become  so  accustomed  to  think  of  but  two  routes — the  Nica- 
ragua and  the  Panama — that  it  seems  almost  a  foregone  conclusion 
that  the  canal  to  be  built  will  be  on  one  of  these  two  routes.  This  is 
not  a  proposition  which  it  is  safe  to  accept  as  true,  for  we  do  not 
know  what  the  present  Commission  will  report;  and  it  is  not  certain 
that  they  will  report  in  favor  of  either  of  these  routes.  Their  duties 
require  the  Commission  "  to  determine  the  most  feasible  and  practica- 
ble route  across  the  Isthmus  for  a  canal,"  regardless  of  all  previous 
action  in  this  matter. 

There  are  grave  considerations  which  would  arise  in  lock,  dam,  and 
heavy  embankment  constructions  on  the  Nicaragua  route,  from  the 
fact  that  the  locality  may  be  seriously  disturbed  by  earthquakes.  Ref- 
erence to  the  Century  Atlas  indicates  that  within  a  distance  of  200 
miles,  north  and  south  of  Lake  Nicaragua,  there  are  fourteeu  volca- 
noes which  have  been  in  active  operation  during  the  last  hundred 
years;  that  several  of  these  now  form  islands  in  Lake  Nicaragua; 
and  that  the  Pacific  terminus  of  the  canal  is  among  a  host  of  ex- 
tinct craters.     This  is  a  fact  that   may  well  cause  great  apprehen- 


Digitized  by  CjOOQIC 


Schermerhorn — American  Isthmian  Canals.  39 

sion  as  to  the  ultimate  safety  of  the  proposed  canal  constructions  at 
Nicaragua.  The  Panama  route  shows  no  such  evidences  of  past  vol- 
canic action. 

In  comparing  the  merits  of  the  two  routes  it  should  not  be  forgot- 
ten that  the  Nicaragua  route  is  practically  150  miles  long,  while  the 
Panama  route  is  less  than  50  miles  long.  The  increased  risks  of 
passing  large  steamers  through  a  route  three  times  longer  than  another 
will  not  fail  to  receive  consideration. 

The  Nicaragua  route  would  probably  cost  $150,000,000,  if  built 
upon  plans  which  would  be  adopted  at  this  time;  and  from  the  re- 
cent statements  of  the  American  Commission,  recently  made  before 
the  Senate  Committee,  it  is  fair  to  infer  that  the  Panama  Canal  can 
be  built  as  cheaply  as  the  Nicaragua  Canal ;  in  fact,  some  of  the 
members  of  the  Commission  intimate  that  it  might  be  built  for  less. 
The  present  International  Commission  of  Engineers  for  the  Panama 
Canal  submits  three  estimates,  based  on  different  elevations  of  the 
summit  level,  which  vary  between  $94,000,000  and  $102,000,000. 
The  first  of  these  plans  places  the  elevation  of  the  bottom  of  the  cut 
through  the  summit  level  at  97  feet  above  sea-level,  with  an  estimated 
cost  of  $94,000,000 ;  the  second  plan  places  this  cut  at  68  feet,  with 
a  cost  of  $98,000,000 ;  while  the  third  plan  reduces  the  elevation  of 
the  bottom  of  the  summit  level  to  33  feet  above  sea-level,  with  an 
estimated  cost  of  $102,000,000.  This  extreme  difference  of  about 
$8,000,000  between  the  cost  of  the  several  plans  is  probably  less  than 
one-half  the  allowance  for  contingencies  in  any  of  the  estimates. 
Even  if  50  per  cent,  is  added  to  these  estimates  they  will  not  then 
materially  exceed  the  estimates  of  the  Nicaragua  route. 

The  regulation  of  the  Chagras  River  and  its  floods  is  the  great 
problem  of  the  Panama  route ;  and  it  is  a  matter  of  surprise  that  the 
engineers  employed  upon  the  De  Lesseps  project  should  have  so 
dangerously  underestimated  this  part  of  the  problem.  The  conclu- 
sions of  the  present  International  Commission  indicate  that  the  flood 
volume  of  the  Chagras  River,  during  forty-eight  hours  of  its  maximum 
discharge,  is  about  92,000  cubic  feet  per  second ;  or  approximately 
one-half  the  average  discharge  over  Niagara  Falls.  The  estimate  of 
the  De  Lesseps  engineers  placed  this  maximum  at  about  one-fourth  of 
the  true  amount.  The  conclusions  of  the  present  Commission  are 
based  upon  rainfall  observations  of  fifty  years. 
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The  statement  is  made  that  there  has  been  an  observed  range  of  70 
feet  in  the  narrow  gorges  of  the  river.  The  flood  of  1870  is  referred 
to  as  the  maximum  observed,  and  I  understand  that  the  discharge  of 
92,000  cubic  feet  per  second  refers  to  that  flood. 

Under  the  plans  proposed  by  the  International  Commission  the 
regulation  of  the  Chagras  River  is  to  be  accomplished  by  impounding 
the  flood  discharge  behind  two  great  dams,  by  which  it  is  proposed  to 
temporarily  hold  8,830,000,000  cubic  feet  of  flood-water.  The  first 
reservoir,  or  that  behind  the  Bohio  dam,  would  have  a  storage  area  of 
about  21  square  miles,  capable  of  holding  5,300,000,000  cubic  feet; 
the  second  reservoir,  or  that  behind  the  Alhajula  dam,  would  have  a 
storage  area  of  about  10  miles,  capable  of  holding  about  3,530,000,000 
cubic  feet  of  flood  volume.  In  the  plans  of  the  International  Com- 
mission the  Bohio  basin  would  be  used  as  the  second  level  of  the 
canal,  while  the  third  level,  or  the  summit,  would  be  supplied  from 
the  Alhajula  basin.  This  latter  basin  would  be  somewhat  removed 
from  the  line  of  the  summit  level,  and  its  waters  brought  thereto  by 
a  conduit.  A  masonry  dam  is  proposed  for  the  Alhajula  reservoir, 
and  an  earth  and  rock  dam  for  the  Bohio  basin. 

The  part  of  the  undertaking  which  would  require  the  longest  time 
is  the  excavation  of  the  Culebra  cut.  The  concession  which  has  been 
made  to  the  Panama  Company  covers  a  period  extending  to  1910,  and 
whatever  is  done  must  be  accomplished  in  the  remaining  ten  years. 
Therefore  the  question  assumes  this  form  :  What  is  the  maximum 
amount  of  work  which  can  be  accomplished  on  the  Culebra  cut  in  ten 
years?  The  summit  of  the  Culebra  Cut  is  361  feet  above  the  sea- 
level  ;  and  under  the  plan  recommended  by  the  International  Cora- 
mission,  which  places  the  bottom  of  the  summit  level  at  68  feet  above 
the  sea,  the  depth  of  the  Culebra  Cut,  at  the  highest  point  of  the 
divide,  would  be  nearly  300  feet.  This  elevation  would  require  the 
removal  of  14,600,000  cubic  yards  from  the  cut,  and  in  the  judgment 
of  the  International  Commission  the  removal  of  this  volume  of 
material  would  require  about  ten  years. 

The  character  of  the  material  forming  this  great  cut  will  be  of 
interest  to  the  Club.  The  report  of  the  International  Commission 
states  that  this  excavation  "  represents  almost  entirely  an  excavation 
in  hard  or  rocky  ground."  Colonel  O.  H.  Ernst,  a  member  of  our 
present  Canal  Commission,  stated  before  the  recent  Senate  Committee 
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that  the  material  of  this  cut  "  seemed  to  be  an  indurated  clay.  It  is 
a  material  that  is  quite  hard,  but  it  weathers  badly,  and  I  should  not 
venture  to  cut  it  to  a  steeper  sloj>e  than  1  on  1,  say  45°.  I  would  not 
call  it  rock  in  any  sense."  Colonel  Ernst  derived  his  conclusions 
from  an  examination  of  the  test  pits  which  had  been  sunk  to  the  pro- 
posed bottom  of  the  excavation,  or  to  points  about  68  feet  above  sea- 
level.  I  should  assume  that  the  material  consists  of  very  dry  lamin- 
ated and  indurated  clay,  such  as  we  are  familiar  with.  The  depth  of 
excavation  which  was  carried  through  the  Culebra  cut  by  the  De 
Lessens  Company  is  only  about  66  feet,  involving  the  removal  of 
about  4,000,000  cubic  yards  of  material,  and  it  was  in  this  part  of  the 
work  that  the  heavy  landslides  occurred. 

In  the  execution  of  this  deep  cut  the  International  Commission  pro- 
pose to  arrange  it  in  a  series  of  berins  16  feet  wide  for  each  33  feet 
of  vertical  height,  connected  by  slopes  of  2:5,  except  through  the 
clayey  material  near  the  top,  where  the  slopes  would  be  3  :  2.  These 
berms  will  guard  the  canal  prism  against  dangerous  slides,  and  also 
provide  steps  upon  which  can  be  located  the  steam-shovels  to  excavate 
the  material,  and  the  railroad  tracks  upon  which  the  excavation  will 
be  removed  to  distant  points. 

Under  the  plans  of  the  International  Commission  the  entire  prism 
excavation  of  the  canal  would  require  the  removal  of  38,000,000  cubic 
yards  of  earth  and  28,000,000  cubic  yards  of  rock,  or  an  aggregate  of 
66,000,000  cubic  yards  of  material.  The  estimate  for  the  excavation 
of  this  material  is  placed  by  the  French  Commission  at  from  58  to  68 
cents  per  cubic  meter  for  ordinary  excavation,  and  $1.06  per  cubic 
meter  for  rocky  material,  including  the  disposal  of  the  same. 

This  is  the  total  estimate  of  earth  and  rock  to  be  removed.  In  the 
present  estimates  of  the  International  Commission  no  allowance  is 
made  for  work  done  under  the  De  Lesscps  project,  such  work  being 
simply  allowed  as  replacing  possible  underestimates  of  work  yet  to 
be  done.  It  has  been  reported  that  about  two-fifths  of  the  work  lias 
been  done,  but  this  statement  is  not  justified  by  any  official  report. 

Whatever  advantages  the  Panama  route  may  have,  from  an  engi- 
neer's point  of  view,  there  is  a  serious  disadvantage  which  underlies 
the  whole  question.     While  the  Panama  canal  might  be  built,  as  an 
abstract  fact,  for  from  $100,000,000  to  $125,000,000,  it  should    not 
be  forgotten  that  the  present  French  company  owns  the  concession, 
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the  right  of  way,  the  Panama  railroad,  and  much  else  that  would 
require  purchase  From  the  present  owners  before  the  construction  of 
the  canal  could  be  entered  upon.  It  can  only  be  guessed  what  the 
French  company  would  sell  out  for.  Some  have  placed  the  amount 
at  about  $100,000,000.  They  claim  to  have  expended  about  twice 
that  amount,  but  the  evidence  is  not  to  be  seen  on  the  ground. 

If  $100,000,000  must  be  paid  the  French  company  for  what  they 
have,  and  another  $100,000,000  expended  in  the  construction  of  the 
canal,  we  have  an  aggregate  cost  of  $200,000,000  at  least.  The  ques- 
tion of  what  it  would  cost  other  parties  to  secure  the  right  to  construct 
the  canal  will  seriously  embarrass  outsiders  from  entering  upon  the 
enterprise. 

Some  reference  to  the  dimensions  of  the  canal,  and  of  the  locks  and 
gates  proposed  by  the  International  Commission,  may  be  of  interest 
The  locks  are  to  be  twin  locks,  738  feet  long  and  82  feet  wide.  The 
lock-gates  will  be  single  doors,  with  a  total  height  of  from  60  to  75 
feet.  The  canal  prism  is  to  have  a  bottom  width  of  164  feet  in  earth, 
and  170  feet  in  rock,  throughout  the  Bohio  level.  In  the  summit 
level  and  through  the  Culebra  cut  the  bottom  width  will  be  118  feet. 
Through  the  sea-level  the  bottom  width  will  be  98  feet  in  earth,  and 
111  feet  in  rock.  These  widths  can  subsequently  be  easily  increased 
by  dredging.     Suitable  turnouts  are  provided  along  the  canal. 

Outside  of  all  questions  as  to  the  cost  of  an  Isthmian  canal,  the 
great  advantages  of  a  sea-level  canal,  or  one  without  locks  except  at 
the  sea  entrances,  can  not  fail  to  impress  itself  upon  our  minds.  Con- 
sider the  danger  and  physical  difficulties  surrounding  the  safe  lifting 
on  one  side,  and  the  lowering  on  the  other  side,  through  a  vertical 
height  of  100  feet,  of  a  modern  ocean  steamer  weighing  20,000  tons 
and  valued,  with  its  cargo,  at  many  million  dollars.  Consider  the 
danger  to  lock-gates  from  the  M  Va  of  such  a  steamer,  almost  at  rest, 
if  you  please,  and  what  would  result  from  the  wreckage  of  such  a 
steamer  in  the  canal  prism  or  in  its  locks.  Truly,  there  is  much  in 
such  possibilities  to  justify  vastly  greater  initial  expenditures  for  a 
sea-level  canal ;  and  personally  I  believe  that  they  will  have  weight 
in  leading  to  conclusions  against  a  great  isthmian  canal  with  locks; 
aud  that  an  expenditure  of  even  $300,000,000  for  a  sea-level  canal 
would  be  wiser  than  half  that  amount  applied  to  such  canals  as  have 
been  under  consideration. 
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HIGH  SPEED  TOOTHED  GEARING. 

JAMES  CHRI8TIE. 

Read  December  Bt  1900. 

For  the  transmission  of  power  it  frequently  becomes  necessary  to 
use  toothed  gearing,  subjected  to  high  peripheral  speed,  conjointly 
with  high  pressure  per  unit  of  tooth  contact,  and  the  object  of  these 
remarks  is  to  record  what  has  been  successfully  done  in  recent  years, 
as  much  higher  speeds  are  now  successfully  attained  than  formerly. 
Considered  in  a  static  sense,  the  gear  tooth  satisfies  the  condition  of 
stress  if  it  is  proportioned  to  endure  forces  acting  transversely  on  it, 
and  the  pressure  per  unit  of  contact  is  not  of  such  intensity  as  per- 
manently to  deform  the  curved  bearing  surface  of  the  teeth.  When 
in  motion,  the  curved  surfaces  slide  upon  each  other  as  they  enter  and 
leave  contact,  and  when  this  sliding  action  is  accompanied  with  high 
pressure,  the  limit  of  endurance  is  soon  reached,  and  in  the  case  of 
inferior  materials,  this  occurs  at  comparatively  low  speeds  and  pres- 
sures. In  addition  to  this,  more  or  less  impact  usually  occurs, 
especially  when  the  resistance  is  of  a  fluctuating  character  or  the 
loads  are  suddenly  applied.  The  effects  of  this  hammering  action 
are  discernible  by  a  flattening  of  the  curved  faces  of  the  teeth,  after 
which  the  proper  engagement  of  the  teeth  ceases  and  the  gear  is 
speedily  destroyed. 

To  prevent  this,  it  is  desirable  to  cut  the  teeth  so  accurately  that 
no  side  clearance  or  "  back  lash  "  exists,  and  this  is  now  usually  done 
on  first-class  gearing  of  even  the  largest  dimensions.  Owing  to  the 
low  elastic  limit  of  cast-iron  and  the  bronzes,  we  can  not  expect  these 
metals  to  endure  so  high  a  pressure  as  steel,  and  steel  appears  to  be 
the  most  trustworthy  material  to  endure  the  highest  pressures  and 
speeds.  This  assertion,  however,  does  not  apply  to  all  grades  of 
steel.  Soft  steel  surfaces  abrade  or  cut  very  readily  despite  all 
methods  of  lubricatiou,  and  surfaces  of  this  material  should  never  be 
allowed  to  engage  in  sliding  contact.  Gearing  of  soft  steel  is  usually 
destroyed  by  abrasion  at  quite  moderate  speeds.  Rolling-mill  pinions 
of  steel,  containing  0.3  per  cent,  carbon,  have  been  destroyed  in  a  few 
months,  whereas  the  same  pattern  in  steel  of  0.6  per  cent,  carbon  has 
done  similar  work  for  several  years  without  distress.     Of  course,  it  is 
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necessary  to  shape  the  teeth  to  a  proper  curve  to  insure  proper  en- 
gagement and  uniform  angular  velocity. 

Some  years  ago  there  was  required  suitable  gearing  to  connect  tbe 
engines  to  a  rolling-mill  in  this  vicinity.  The  diameters  of  tbe 
wheels  were  37.6"  and  56.4"  respectively.  They  were  intended  to 
revolve  at  speeds  of  150  and  100  R.  P.  M.  and  expected  to  transmit 
about  2500  H.  P.  The  character  of  the  service  was  such  that 
renewal  was  a  serious  matter  and  long  endurance  very  desirable.  A 
high  grade  of  steel  was  selected,  especially  in  the  pinion,  in  which  the 
greatest  wear  would  occur,  and  which,  owing  to  the  location,  was  the 
most  difficult  to  replace.  The  pinion  was  forged  from  fluid  com- 
pressed steel  of  the  following  composition  : 

Carbon, 0.86  per  cent. 

Manganese, 0.51       " 

Silicon, 0.27      " 

bonis  and  sulphur,  both  below 0.03      " 


The  spur  wheel  was  an  annealed  steel  casting: 

Carbon, 0.47  percent 

Manganese, 0.66      " 

Phosphorus  and  sulphur,  both 0.05       " 

The  tooth  dimensions  were  :  Pitch,  4.92"  ;  face,  24".  (See  Fig.  1.) 
These  were  accurately  cut  with  involute  curves  generated  by  a  roll- 
ing tangent  of  16  degrees  obliquity.  No  side  clearance  was  allowed. 
After  starting  the  mill,  it  was  found  that  a  higher  speed  was  practica- 
ble than  was  originally  contemplated.  Higher  pressures  on  the  teeth 
were  also  applied,  so  that  ultimately  about  3300  H.P.  was  transmitted 
through  the  gearing,  corresponding  to  a  pressure  of  nearly  2100 
pounds  per  inch  of  face.  The  speed  was  variable,  but  occasionally 
attained  a  velocity  of  260  R.P.M.  for  the  pinion,  corresponding  to  a 
peripheral  velocity  of  2500  feet  per  minute.  This  gearing  has  been 
in  constant  operation  for  several  years  and  behaves  satisfactorily. 

The  highest  recorded  speed  for  gearing  that  I  can  recall  is  that 
described  by  Mr.  Geyelin  in  the  Club  "  Proceedings  "  of  June,  1894. 
The  mortise  bevels  had  a  peripheral  velocity  of  3900  feet  per  minute, 
but  the  pressure  per  inch  of  face  was  only  about  680  pounds, 
the  diameter  and  s|>eed  being  made  high  to  reduce  the  pressure  on  the 


Digitized  by  CjOOQIC 


0-5 


45 


Digitized  by  CjOOQIC 


4tf 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


48  Christie — High  Speed  Toothed  Gearing. 

teeth.  I  understand  that  the  lifetime  of  these  bevels  is  not  long.  If 
made  of  a  grade  of  steel,  as  previously  described,  their  diameter  and 
speed  could  be  considerably  reduced,  and  prolonged  endurance  would 
be  realized. 

About  the  same  time  No.  1  was  installed  a  similar  application  was 
made  to  another  mill,  the  gear  having  a  different  speed  ratio,  and  the 
angular  velocity  being  lower  (see  Fig.  2) : 

Pinion.  Wheel. 

Carbon, 0.90  per  cent.     -    0.60  per  cent 

Manganese, 0.64        lk  0.64        " 

A  much  larger  set  had  been  previously  employed,  transmitting 
about  2400  H.P.at  750  feet  per  minute  peripheral  speed,  involving  a 
pressure  per  inch  of  face  of  3500  pounds.  This  latter  pair  were  4 
feet  and  8  feet  respectively,  7£"  pitch,  30"  face,  cut  with  involute 
teeth  of  14  degrees  obliquity.     (See  Fig.  3.) 

Pinion.  Wheel. 

Carbon 0.52  0.42 

Manganese, 0.55  0.73 

Silicon 0.107  0.279 

Phosphorus, 0.022  0.078 

Sulphur 0.02  0.05 

These  gears  have  all  rendered  excellent  service,  and  to-day  are 
apparently  as  good  as  at  the  beginning. 

As  considerable  expense  is  involved  in  cutting  large  gears  of  hard 
steel,  it  is  sometimes  practicable  to  rough-cut  the  gear  after  it  is  made 
as  soft  as  possible  by  slow  cooling,  a  higher  degree  of  hardening 
being  imparted  before  final  finishing  by  air  hardening  or  rapid  cooling 
from  the  refining  heat.  This  is  not  infrequently  done  in  the  case  of 
screws  and  gears  of  moderate  dimensions.  In  this  event  it  is  desirable 
to  have  the  ratio  of  manganese  low,  say  not  over  0.5  per  cent,  or  0.6 
per  cent.;  as  a  high  manganese  content  seems  to  impart  a  permanent 
hardness  that  is  not  readily  reduced  by  slow  cooling. 

The  subject  of  standard  forms  of  teeth  has  recently  become  a  matter 
of  considerable  interest,  especially  since  the  introduction  of  the  electric 
motor,  which  has  created  a  demand  for  accurate  speed  gear.  Cycloidal 
curves  so  extensively  used  in  the  past  seem  to  be  less  used  in  recent 
years  thau  involute,  for  well-known  reasons.  The  essential  conditions 
required  are  that  the  osculating  curves  of  the  teeth  must  be  normal  to 
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the  point  of  tangency  of  the  wheels  throughout  the  arc  of  tooth 
engagement.  Accepting  the  involute  curve  as  a  standard,  it  is  desir- 
able to  adopt  a  uniform  angle  of  obliquity  for  the  generating  tangent. 
The  adoption  of  an  angle  of  15  degrees  by  a  prominent  manufacturer 
of  cut  gearing  and  cutters  has  led  to  an  extended  acceptance  of  this 
standard.  It  is  claimed  that  this  is  not  advisable,  but  as  Mr.  Lewis 
is  to  discuss  this  feature  of  the  subject,  I  will  not  enlarge  upon  it 
further  than  to  observe  that  Mr.  Hawkins,  who  was  one  of  the  early 
investigators  of  the  merits  of  the  involute  form  of  tooth  in  the  middle 
of  the  century,  recommended  an  obliquity  of  20  degrees,  and  asserted 
that  no  practical  inconvenience  would  be  found  from  the  resultant 
lateral  thrust  on  the  shaft  journals. 

When  all  other  conditions  are  satisfactory,  the  flatter  the  curve  of 
the  tooth,  the  better,  inasmuch  as  with  a  curve  of  long  radius  a  higher 
pressure  can  be  sustained  than  otherwise.  With  the  ordinary  straight 
tooth  gear  it  is  necessary  to  make  the  tooth  of  sufficient  length,  so  that 
normal  action  never  ceases  between  successive  teeth.  The  wearing 
abrasion  occurs  when  the  teeth  are  entering  and  leaving  normal  con- 
tact. For  this  reason,  for  very  high  speeds  some  form  of  the  stepped 
or  spiral  tooth  would  appear  to  be  favorable,  using  a  short  tooth  and 
a  minute  arc  of  engagement  on  the  line  of  centers  for  each  section  of 
the  tooth. 

It  appears  to  be  practicable  to  maintain  sliding  surfaces  of  steel  if 
one  of  the  surfaces  is  hard,  even  if  the  other  is  comparatively  soft, 
but  for  steel  gearing  for  ordinary  purposes  I  would  suggest  the  use  of 
steel  not  less  than  0.4  carbon.  If  the  speeds  and  pressures  are  unusu- 
ally high,  a  much  harder  grade  of  steel  becomes  necessary.  When  a 
small  pinion  engages  with  a  large  wheel,  the  former  alone  can  be 
made  of  high-grade  steel  approaching  to  a  carbon  content  of  1  per 
cent.  When  extreme  speeds  and  pressures  become  necessary,  the  best 
results  will  be  found  by  using  in  both  wheels  steel  having  a  carbon 
content  approaching  1  per  cent.,  or  an  equal  hardness,  obtained  by 
lower  carbon  and  high  manganese  or  other  desirable  hardening  addi- 
tion. With  gearing  accurately  cut  from  steel  of  this  character  and 
securely  mounted,  it  is  believed  that  reasonable  endurance  will  be 
obtained  when  the  product  of  speed  and  pressure,  divided  by  pitch, 
each  within  certain  limits,  does  not  exceed  1,000,000:  for  example,  a 
speed  of  3000  feet  per  minute  and  1600  pounds  pressure  per  inch  of 
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face,  or  vice  versa ;  for  gear  of  5-inch  pitch,  assuming,  so  far  as  we 
know,  a  maximum  speed  of  5000  feet  per  minute  for  gear  of  any 
pitch,  and  permissible  pressure  to  be  proportional  to  the  pitch. 

This  statement  that  speeds  and  pressures  are  reciprocal,  or  as  one  is 
increased  the  other  must  be  reduced,  in  a  fixed  ratio,  may  not  strictly 
be  a  rational  one,  but  in  a  broad  and  general  sense  it  is  correct  within 
the  usual  limits  of  practice. 

It  will  be  understood  that  such  a  generalization  as  herein  stated 
would  apply  to  pinions  having  a  liberal  and  not  the  minimum  num- 
ber of  teeth. 
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INTERCHANGEABLE  GEARING. 

WILFBED    LEWIS. 
Read  December  5, 1900. 

It  is  well  understood  that  the  teeth  of  gears  may  be  varied  indef- 
initely in  shape,  provided  that  their  forms  are  generated  by  rolling 
something  on  the  pitch-line  of  the  gear-wheel.  This  describing 
outline  may  be  a  straight  line,  a  circle,  a  logarithmic  spiral,  or  any- 
thing else  that  will  roll,  but  it  can  not  be  of  a  shape  that  will  not  roll 
continuously  in  contact  on  the  pitch-line  of  the  gear-wheel  as  far  as 
may  be  necessary  to  form  the  tooth  profile. 

Much  attention  has  been  paid  to  the  forms  best  adapted  to  various 
combinations  of  teeth,  with  a  view  to  engaging  as  many  teeth  as 
possible  in  action,  and  increasing  the  arc  of  recess  over  that  of  ap- 
proach for  the  sake  of  efficiency  and  smoothness  in  running.  When 
such  gears  are  made  in  pairs,  to  run  only  with  each  other,  no  reason 
may  at  first  appear  why  the  forms  of  their  teeth  should  not  be  deter- 
mined by  these  considerations  alone,  but  sooner  or  later  the  patterns 
or  cutters  made  especially  for  a  certain  combination  of  gears  will 
surely  be  wanted  for  other  conditions  to  which  they  do  not  particu- 
larly apply,  and  then  it  will  be  regretted  that  the  teeth  were  not 
shaped  for  a  larger  range  of  usefulness.  To  be  sure  this  would  in- 
volve a  partial  sacrifice  of  the  advantages  originally  sought,  but  when 
one  pattern  or  cutter  can  be  made  to  serve  almost  as  well  as  two  or 
three,  it  does  not  pay  to  be  too  critical  and  particular  about  the  fine 
points  mentioned,  the  importance  of  which  I  believe  has  been  largely 
overestimated.  Of  course,  it  is  better  that  the  arc  of  recess  should  be 
longer  than  that  of  approach,  to  reduce  friction  and  drive  as  nearly 
as  possible  at  right  angles  to  the  line  of  centers,  and  it  is  also  desir- 
able, for  the  sake  of  smoothness  in  running,  to  have  a  long  arc  of 
action,  to  which  the  arc  of  approach  contributes  as  well  as  the  arc  of 
recess,  but  a  gear-wheel  for  general  use  may  drive  or  be  driven,  and 
its  arcs  of  approach  and  recess  should,  therefore,  not  be  very  differ- 
ent.    It  is  also  admitted  that  obliquity  of  action  has  something  to  do 
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with  the  efficiency  of  gearing,  but  the  question  arises,  how  much  is 
efficiency  affected  thereby?  For  a  long  time  involute  teeth  were 
avoided  by  some  builders  because  of  the  thrust  along  the  line  of 
centers,  which  the  early  text-books  pointed  out  as  causing  so  much 
additional  and  unnecessary  journal  friction,  and  instead  of  involute 
forms  a  -cycloidal  system  was  quite  generally  adopted,  in  which  the 
describing  circle  had  a  diameter  one-half  that  of  a  twelve-toothed 
pinion.  In  this  system  the  obliquity  of  action  varies  along  the  path 
of  contact  from  zero  at  the  pitch-point  to  about  23°  at  the  end  of  a 
rack  tooth,  or  20°  at  the  end  of  a  pinion  tooth,  making  the  general 
average  of  obliquity  about  11°. 

Along  with  this  system  arose  the  15°  involute  system,  for  which 
Prof.  Willis  designed  his  odontograph,  and  a  14£°  system,  for  which 
the  excuse  has  been  made  that  the  angle  is  easily  laid  off  because  its 
sine  is  practically  £.  But  there  is  no  advantage  in  this  over  15°, 
which  may  be  quite  as  easily  and  more  accurately  originated,  and 
probably  the  only  advantage  to  be  claimed  is  on  the  ground  of  thrust 
against  the  wheel  centers. 

It  is  readily  seen  that  this  thrust  on  centers  is  proportional  to  the 
tangent  of  the  obliquity,  which  for  11°  is  0.194 ;  for  14J°,  0.259 ;  and 
for  15°,  0.268  ;  but  these  figures  by  no  means  represent  the  increase  in 
pressure  on  journals  due  to  the  obliquity,  because  combined  with  the 
thrust  there  is  always  a  normal  driving  pressure  far  greater  in  amount; 
and,  it  may  be  asked,  what  are  journals  for  if  not  to  take  pressure  in 
any  direction?  Obviously,  the  pressure  on  journals  for  different  de- 
grees of  obliquity  is  measured  by  the  secant  of  the  angle,  and  not  by 
its  tangent,  and  the  three  systems  should,  therefore,  be  compared  as 

follows : 

11°  cycloidal,  secant  11°  =1.0187 
14}°  involute,  secant  14}°  =  1.0329 
15°    involute,  secant  15°    =  1.0353. 

The  differences  in  journal  pressure  for  these  systems  are  therefore 
very  slight,  and  their  differences  in  efficiency  are  still  less,  because,  as 
demonstrated  by  George  B.  Grant  some  years  ago,  the  obliquity  of 
action  in  involute  gearing  has  no  effect  whatever  upon  the  friction-loss 
in  the  teeth  themselves.  The  sliding  diminishes  at  the  same  rate  as 
the  pressure  increases,  and  the  loss  in  effect,  whatever  it  may  be,  is 
wholly  due  to  journal  friction. 
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The  practical  consideration  of  cost  demands  the  formation  of  gear- 
teeth  upon  some  interchangeable  system. 

The  cycloidal  system  can  not  compete  with  the  involute,  because  its 
cutters  are  formed  with  greater  difficulty  and  less  accuracy,  and  a 
further  expense  is  entailed  by  the  necessity  for  more  accurate  center 
distances.  Cycloidal  teeth  must  not  only  be  accurately  spaced  and 
shaped,  but  their  wheel  centers  must  be  fixed  with  equal  care  to  obtain 
satisfactory  results.  Cut  gears  are  not  only  more  expensive  in  this 
system,  but  also,  when  patterns  are  made  for  castings,  the  double 
curved  faces  require  far  more  time  and  care  in  chiseling.  An  invo- 
lute tooth  can  be  shaped  with  a  straight-edged  tool,  such  as  a  chisel  or 
a  plane,  while  the  flanks  of  cycloidal  teeth  require  special  tools,  ap- 
proximating in  curvature  the  outline  desired.  It  is,  therefore,  hardly 
necessary  to  argue  any  further  against  the  use  of  cycloidal  gear-teeth, 
which  have  been  declining  in  popularity  for  many  years,  and  the 
question  now  to  be  considered  is  the  angle  of  obliquity  most  desirable 
for  interchangeable  involute  teeth. 

The  importance  of  this  question  was  impressed  upon  me  about  four- 
teen years  ago,  at  which  time  Wm.  Sellers  &  Co.  contemplated  a 
change  from  the  cycloidal  system  above  described  to  an  involute  of 
which  the  obliquity  was  to  be  determined.  A  careful  investigation  of 
the  subject  in  all  its  aspects  then  led  me  to  the  conclusion  that  to  be 
entirely  satisfactory  between  the  limits  of  a  twelve-toothed  pinion  and 
a  rack  an  obliquity  of  22J°  was  required,  but  in  view  of  the  fact  that 
twelve- toothed  pinions  would  more  frequently  engage  other  gears  than 
racks,  an  obliquity  of  20°  was  finally  adopted.  This  increase  of  5° 
over  common  practice  then  seemed  so  radical  a  departure  from  all 
previous  experience  that  it  was  undertaken  with  some  hesitation  and 
the  apprehension  of  a  return  later  on  to  a  more  conservative  amount, 
but  the  only  regret  has  been  that  the  larger  angle  was  not  adopted, 
without  regard  to  any  preconceived  notions.  By  common  consent 
the  addendum  distance  on  all  gear-teeth  is  between  0.3  and  £  of  the 
pitch,  0.3  pitch  being  used  for  circumferential  pitches,  and  ^  (n  being 
the  number  per  inch)  for  diametral  pitches.  The  firm  of  Wm. 
Sellers  &  Co.  uses  the  former  in  both  cases,  but  the  general  tendency 
seems  to  be  the  other  way,  on  account  of  its  convenience.  —  is  equiva- 
lent to  £  or  0.3283  p>  and  the  difference  is,  therefore,  slight.  Occa- 
sionally there  is  some  discussion  about  the  merits  of  long  and  short 
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teeth,  shorter  teeth  being  advocated  for  their  greater  strength,  and  in 
certain  combinations  it  is  quite  possible  to  use  them,  but  in  an  inter- 
changeable system  the  addendum  must  be  long  enough  to  insure  an 
arc  of  action  that  will  safely  cover  the  pitch  in  all  cases.  It  is,  there- 
fore, not  thought  desirable  to  suggest  a  change  in  this  well-established 
particular. 

The  difficulty  encountered  in  the  use  of  involute  gearing  of  common 
obliquity — 14J°  or  1 5° — is  known  as  interference.  This  is  most  appar- 
ent between  racks  and  pinions,  and  is  due  to  the  path  described  by 
the  point  of  the  rack  tooth  crossing  the  involute  face  of  the  pinion 
near  the  base-line.  A  very  important  part  of  the  acting  face  of  the 
pinion  must  then  be  cut  away  to  clear  the  rack  at  the  loss  of  a  large 
part  of  the  arc  of  action,  or  the  end  of  the  rack  tooth  must  be  rounded, 
thus  destroying  its  claim  to  the  advantages  of  the  involute  system  and 
giving  it  a  mongrel  character.  To  avoid  this  defect,  which  occurs  in 
the  common  systems  to  all  pinions  of  less  than  thirty  teeth,  it  is  neces- 
sary to  increase  the  obliquity, 

letting  a  =  addendum  in  terms  of  the  pitch. 
a  =  obliquity, 
n  =  smallest  number  of  teeth  to  engage  with  a  rack  without  interference. 

Then  it  can  be  shown  that  sin  x  a  =  ^  (1) ;  and  assuming  a  =  0.3 
and  n  =  12,  we  have  sin  x  a  =  ^  =  0.15708,  whence  a  =  23°  19'. 

Making  a  =  20°  and  a  =  0.3,  as  in  the  Sellers'  system,  we  have 
n  =  16,  and  it  has  been  found  by  experience  that  the  interference  is 
noticeable  between  twelve-toothed  pinions  and  such  gears  as  they  fre- 
quently engage,  of  from  thirty  to  sixty  teeth. 

Letting  a  =  0.3283  in  equation  (1),  we  have  sin  *  a  =  -,  from 
which  n  =  30.  The  angle  22J°  is  suggested  as  a  convenient  one  to 
adopt,  being  a  quarter  of  the  quadrant,  and  for  this  it  is  believed  the 
interference  between  a  twelve-toothed  pinion  and  a  rack  will  be  prac- 
tically imperceptible.  For  a  =  -J-  we  shall  then  have  n  =  ttp  «2gx  = 
13.35;  and  for  a  =  0.3,  n  =  12.87. 

The  pressure  on  journals  will  be  increased  to  secant  22 J°  =  1.0824, 
which  is  only  about  5  per  cent,  more  than  usual. 

The  arc  of  action  will  always  cover  the  pitch  by  a  margin  of  0.3  to 
0.6  thereof,  and  it  will  vary  but  little  in  extreme  cases. 

The  wear  on  the  teeth  of  pinions  will  be  less  concentrated  at  the 
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base-line,  and  by  avoiding  interference,  their  arc  of  action  is  actually 
increased.  It  may  be  urged  that  the  whole  load  is  necessarily  concen- 
trated on  a  single  tooth,  and  without  denying  this,  I  maintain  that 
such  is  generally  the  case  in  any  system  of  gearing,  however  long  the 
arc  of  action  may  appear  on  paper.  A  division  of  the  load  on  several 
teeth  implies  absolute  perfection  in  forming  and  spacing  the  teeth,  a 
condition  never  attained  in  practice,  and  it  is  therefore  never  safe  to 
assume  that  the  load  is  carried  by  more  than  one  tooth  under  any 
circumstances.  Frequently  the  service  required  of  gearing  neces- 
sitates a  change  in  pitch  due  to  wear  at  some  part  of  the  circumfer- 
ence more  than  at  others.  For  example,  in  a  punching  machine  the 
load  is  concentrated  on  a  few  teeth,  which  do  the  work  while  the 
others  have  comparatively  nothing  to  do,  and  as  the  working  teeth 
wear  away  there  is  necessarily  a  change  of  pitch  between  them  and 
the  others  not  so  worn,  while  the  pinion  probably  wears  all  over  and 
retains  a  uniform  pitch. 

By  the  adoption  of  22£°  obliquity  a  considerable  increase  in  the 
strength  of  teeth  will  be  effected  in  addition  to  the  advantages  already 
mentioned,  and  if  it  is  within  the  province  of  The  Engineer's  Club 
of  Philadelphia  to  advocate  much-needed  reforms  in  engineering 
practice,  I  would  suggest  "Uniformity  in  Interchangeable  Gearing" 
as  a  subject  worthy  of  its  attention.  By  the  action  of  the  Franklin 
Institute  more  than  thirty  years  ago  a  standard  system  of  screw-threads 
was  inaugurated,  and  if  by  the  interchange  of  opinions  an  agreement 
among  engineers  can  be  reached  as  to  what  system  of  gearing  is  best 
for  general  adoption,  the  needless  diversity  which  now  exists  may 
gradually  disappear. 

The  object  of  this  paper  is  not  to  direct  an  expression  of  opinion  in 
concurrence  with  the  views  here  expressed,  so  much  as  to  bring  out 
well-considered  discussion  leading  to  the  formation  of  sound  opinions. 

I  realize  that  a  good  deal  may  be  said  against  the  introduction  of  a 
new  system  of  gearing  differing  from  those  already  in  use,  and  that  it 
may  be  impracticable  in  many  cases  to  make  any  change,  however  de- 
sirable, but  with  the  great  improvements  that  have  recently  been  made 
in  the  methods  of  gear  cutting  a  change  of  system  is  not  so  serious  a 
matter  as  it  was  a  few  years  ago. 

Uniformity  in  interchangeable  gearing  by  all  builders  of  machinery 
is  certainly  to  be  desired,  and  to  this  end  it  should  be  possible  for  en- 
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gineers  to  agree  upon  the  system  most  worthy  of  adoption,  leaving  the 
question  of  expediency  to  take  care  of  itself. 


DISCUSSION. 

E.  Graves. — Mr.  Christie  made  reference  to  some  gearwheels  concerning 
which  I  wish  to  give  some  further  particulars.  These  consist  of  three  sets 
of  cast-steel  bevel-wheels,  all  duplicates.  The  pinions  are  the  drivers,  and  are 
57.39"  pitch-line  diameter,  have  36  teeth,  5"  pitch  and  20"  face.  The  wheels 
are  74.8"  diameter,  have  47  teeth  of  same  face.  The  teeth  are  carefully  cut  to 
involute  layout,  and  are  3.43"  high,— 1.59"  above  pitch-line,  1.84"  below  pitch- 
line, — and  2JJ"  thick  on  pitch-line.  The  normal  speed  of  pinion  is  260  R.  P.  M., 
giving  200  revolutions  to  the  wheel,  and  nearly  4000  feet  circumferential  speed 
on  pitch-line.  The  transmission  is  1300  H.  P.  Assuming  that  the  entire  load 
should  come  on  the  outer  end  of  one  tooth,  and  was  equally  distributed  along  its 
length,  the  result  would  be  2100  pounds  per  square  inch  fiber  strain  at  the  root 
of  the  tooth. 

The  pinion  is  mounted  on  the  upper  end  of  a  vertical  shaft  148  feet  long. 
This  shaft  is  10"  diameter,  and  the  sections  are  joined  together  with  solid 
forged-on  flange  couplings.  At  the  lower  end  is  the  runner  of  a  turbine  driving- 
wheel  having  upward  discharge.  The  upper  section  of  shaft  is  provided  with  a 
thrust  bearing.  When  the  turbine  gate  is  only  partially  opened,  the  weight  of 
the  shaft  results  in  a  downward  pressure  in  this  bearing ;  with  full  gate  opening, 
the  weight  of  the  shaft  is  more  than  overcome  and  the  result  is  an  upward  pres- 
sure in  thrust  bearing.  This  thrust  bearing  is  of  rings  turned  out  of  an  enlarged 
forging  in  much  the  same  manner  as  steamship-shaft  thrust  bearings.  The 
thrust  collars  are  divided  so  that  one  portion  resists  the  longitudinal  motion  to 
the  shaft  in  one  direction,  and  the  remaining  portion  in  the  opposite  direction ; 
these  two  sets  are  adjustable  in  reference  to  each  other,  so  that  the  longitudinal 
motion  to  shaft  does  not  exceed  about  A"  The  whole  bearing  is  inclosed  in  a 
tight  case,  and  is  lubricated  by  forced  pressure  of  oil  fed  through  center  of  shaft, 
with  exit  openings  at  each  thrust  ring.  The  longitudinal  motion  to  horizontal 
shafts  is  limited  by  the  back  bearing  of  wheel  center.  Both  shafts  extend 
through  the  gears  and  are  supported  in  a  massive  bridge  casting,  with  bearings 
adjustable.  Gears  are  inclosed  in  a  casing  and  are  lubricated  by  oil  fed  under 
pressure  through  several  small  jets  applied  just  in  front  of  teeth  as  they  mesh 
together. 

These  gears  have  been  in  service  for  five  years  ;  their  behavior,  however,  has 
not  been  wholly  up  to  expectations.  Their  wearing  power,  in  the  sense  of  resist- 
ing abrasion,  is  satisfactory,  but  at  different  times  teeth  have  been  broken 
out  This  breaking  has  been  confined  entirely  to  the  pinion,  and  the  nature  of 
the  break  is  the  same  in  all  cases,  evidently  beginning  at  the  large  end,  cracking 
around  the  root,  and  following  along  the  tooth.  In  some  cases  the  break  has 
followed  more  than  half  the  length  of  the  tooth  and  the  piece  has  been  thrown 
out ;  in  most  cases  the  existence  of  the  crack  in  its  early  stages  has  been  detected 
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by  the  sound  of  the  gear  in  action.  The  quality  of  the  steel  in  castings  is  the 
ordinary  commercial  article.  The  widest  variation  in  analysis  observed  is,  in  one 
instance: 

Silicon, 0.25 

Sulphur, 0.036 

Phosphorus, 0.071 

Manganese, 0.74 

Carbon, 0.31 

Another : 

Silicon, 0.27 

Sulphur,     0.03 

Phosphorus, 0.032 

Manganese, 0.80 

Carbon, 0.23 

As  is  to  be  expected,  the  softer  metal  has  resisted  breaking  the  longer.  In  two 
sets  of  these  gears  the  resisting  work  is  of  a  varying  nature  with  sudden  and 
wide  fluctuations ;  in  the  third  instance  the  working  is  more  constant  This 
variation  of  conditions  does  not  seem  to  have  influenced  failure,  as  the  teeth 
have  broken  in  all  the  sets. 

One  of  the  practical  difficulties  in  operating  bevel  gears  of  the  nature 
described  is  the  difficulty  of  holding  them  so  that  they  will  be  in  proper  contact ; 
longitudinal  motion  in  either  shaft  throws  them  out  of  pitch.  The  most  serious 
problem,  however,  is  in  securing  and  maintaining  shafts  so  that  the  extended 
axis-lines  of  same  pass  through  a  common  point  The  effect  of  power  trans- 
mission from  pinion  to  gear  is  to  put  these  axis-lines  out  of  position,  moving 
them  in  opposite  directions  and  resulting  in  end  contact  of  teeth  and  concentrated 
load  instead  of  evenly  distributing  the  load  along  the  whole  length  of  tooth.  In 
this  particular  the  question  of  maintaining  bevel  gears  is  decidedly  more  of  a 
problem  than  that  of  spur  gears.  In  this  latter  case  small  end  motions  of  carry- 
ing shafts  produce  no  effect,  while  the  wearing  of  bearings  is  only  the  shifting 
of  pitch -line,  and,  as  it  occurs  slowly,  it  will,  within  reasonable  limits,  adjust 
itself. 

As  a  matter  of  further  interest,  I  will  mention  that  in  this  same  room  with 
these  gears  are  three  other  sets  of  bevel  gear  having  cut-steel  pinions  and 
mortise  wheel  with  cast-iron  rims.  The  diameters  and  ratios  of  these — speeds, 
mountings,  and  service — are  practically  the  same  as  those  described,  but  the 
transmission  of  power  is  1100  instead  of  1300  H.  P.  The  pinions  have  33  teeth, 
51 "  pitch,  with  20  "  face,  the  teeth  being  planed  down  to  2}  "  thickness  on 
pitch-line.  The  wheels  have  43.teeth.  These  gears  have  been  in  service  some 
seven  years.  None  of  the  pinions  has  ever  given  way  ;  the  wooden  teeth  in  the 
wheels,  however,  last  only  from  six  weeks  to  two  months,  an  extra  rim  being  kept 
on  hand  for  refilling  and  replacing. 

L.  F.  Rondinella. — I  wish  to  say  a  word  on  the  history  of  the  use  of 
cycloidal  and  involute  curves  in  gear  teeth,  which  has  been  alluded  to  by  Mr. 
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Lewis.  The  cycloidal  curves  were  advocated  by  Willis  and  by  Reuleaux  (the 
English  and  the  German  authorities  on  mechanics),  who  both  recommended  an 
angle  of  obliquity  at  the  pitch-line  of  fifteen  degrees,  Willis  explaining  that  he 
adopted  this  angle  because  he  found  "  by  various  trials  "  that  it  gave  "  the  best 
form  to  the  teeth."*  On  account  of  the  difficulty  of  drawing  the  accurate 
curves,  these  two  authors  also  gave  methods  of  construction  to  represent  them 
approximately  by  circular  arcs,  and  while  Willis*  method  was  for  a  straight-flank 
pinion  of  twelve  teeth,  and  Reuleaux' st  for  one  of  eleven  teeth,  they  produce 
identical  results  when  the  same  constants  are  used.  I  have  combined  and  sim- 
plified these  two  methods  into  one,  which  I  have  used  for  many  years  with  my 
students  in  drafting  at  the  Central  Manual  Training  School.  With  regard  to 
the  involute  curve  in  the  teeth  of  wheels,  it  was  Willis  who  proposed  the  angle 
of  14  J  degrees  as  "  a  very  convenient  value, "  because  its  sine  "  equals  one-quarter 
very  nearly."!  His  method  of  construction  for  finding  a  circular  arc  that 
approximates  to  the  involute  I  have  simplified  also  by  using  thirty-one  thirty- 
seconds  (which  is  as  nearly  correct)  for  the  cosine  of  this  angle  of  obliquity.  My 
methods  of  construction,  together  with  tables  from  which  the  resultant  values 
can  be  got  directly,  may  be  found  in  "  Notes  on  the  Design  of  Gear  Wheels," 
published  in  the  "  Journal  of  the  Franklin  Institute,"  April,  1894.  By  draw- 
ings carefully  made  at  that  time  I  compared  circular  arcs  got  by  these  methods 
with  the  true  cycloidal  curves  through  the  same  pitch  points,  and  found  that  the 
approximate  cycloid  was  almost  perfect  for  the  teeth  of  a  rack,  while  for  the 
teeth  of  a  wheel  the  approximate  epicycloid  made  the  points  a  trifle  narrow  and 
the  approximate  hypocycloid  made  the  flanks  a  trifle  thick.  It  is  only  recently, 
however,  that  I  have  tested  Willis'  method  for  the  approximate  involute  for  the 
teeth  of  wheels,  and  I  find  that  it  makes  the  points  of  the  teeth  much  too 
narrow ;  and  that  a  radius  equal  to  three-eighths  (instead  of  one-fourth)  of  the 
pitch  radius  is  needed  to  produce  a  circular  arc  that  approximates  very  closely  to 
the  true  involute  with  this  obliquity.  It  is,  perhaps,  fortunate  that  this  error 
existed  in  Willis'  method,  for  it  has  probably  prevented  the  disastrous  results  of 
interference  in  many  cases  when  employed  where  this  angle  of  obliquity  has 
been  used  (as  it  should  not  be)  for  a  wheel  with  less  than  thirty  teeth.  The 
advantages  of  using  a  larger  angle  of  obliquity  for  involute  teeth  have  only 
recently  been  appreciated. 

Mr.  Lewis. — In  regard  to  approximate  methods,  I  would  say  that  for 
many  years  the  firm  of  William  Sellers  &  Co.  generated  cutters  by  means  of 
two  circular  arcs,  but  finally  came  to  the  conclusion  that  no  approximate 
method  whatever  is  satisfactory  for  gears  which  had  to  run  at  any  speed.  It  is 
not  sufficiently  accurate,  and  the  error  in  form  can  not  be  detected  on  paper 
because  no  drawing  can  be  made  close  enough.  The  curve  must  be  mechanically 
generated  to  form  gears  that  will  run  at  the  speeds  required  by  modern  practice. 

*  "Principles  of  Mechanism, "  Second  Edition,  p.  134. 

f  "  Kinematics  of  Machinery,"  pp.  161  and  183. 

t  "  Principles  of  Mechanism,"  Second  Edition,  p.  133. 
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It  might  be  well  enough  to  lay  out  castings  for  slow-running  gears  by  circular 
arcs,  but  as  soon  as  any  speed  is  developed,  the  departure  from  the  true  shape  is 
at  once  noticed,  and  the  greater  the  speed,  the  more  deafening  the  noise.  The 
machine,  therefore,  which  was  originally  designed  to  approximate  the  shape  by 
circular  arcs  was  converted  into  a  machine  which  actually  described  the  shapes — 
the  cycloidal  and  the  hypocycloidal  curves.  But  that  was  finally  displaced  by 
another  generating  machine  for  involute  teeth,  the  advantages  of  the  involute 
system  having  become  very- apparent. 

In  regard  to  the  pressures  carried  by  gear  tee*th,  Mr.  Christie  seems  to  lay 
down  a  rule  making  the  product  of  speed  and  pressure  constant  This  would 
reduce  the  load  in  proportion  to  the  speed,  and  it  seems  to  me  an  open  question 
whether  that  should  be  adhered  to  or  not.  I  do  not  think  it  has  been  demon- 
strated how  the  pressure  of  the  teeth  should  vary  with  the  speed.  Some  ex- 
periments, I  think,  should  be  made  which  would  indicate  that  more  clearly  than 
has  heretofore  been  done.  It  is  interesting  to  note  his  remarks  regarding  the 
influence  of  the  hardness  of  the  metal  upon  the  pressures  carried,  and  instead  of 
reckoning  the  pressure  by  the  inch  as  so  much  per  inch  of  face,  it  seems  to  me 
the  pitch  should  also  be  included,  because  the  face  of  a  gear  tooth  is  very 
much  like  a  roller,  and  the  pressure  carried  by  a  roller  varies  with  its  diameter  as 
well  as  with  the  face.  Some  authorities  seem  to  think  that  it  should  vary  with 
the  square  root  of  the  diameter ;  others  directly  with  the  diameter,  and  I  am 
inclined  to  the  latter  opinion.  If  gear  teeth  are  proportioned  for  strength, 
they  are  also  proportioned  for  wearing  pressure  and  surface  to  carry  the  load. 

Mr.  J.  Christie. — The  bevel  gears  described  by  Mr.  Graves  are  very  interest- 
ing and  useful  as  a  record.  It  is  much  more  difficult  to  obtain  satisfactory  results 
with  bevels  than  with  plain  spurs,  as  any  deviation  from  correct  alinement  is 
fetal  to  correct  tooth  action  in  the  former.  In  this  instance,  while  speed  is  very 
high,  the  pressure  on  the  teeth  is  comparatively  low — about  750  pounds  mean 
pressure  per  inch  of  face.  Thus  the  products  of  speed  and  pressure  in  relation 
to  the  pitch  are  considerably  below  the  quantity  assumed  as  a  safe  maximum. 

Regarding  the  quality  of  the  material,  the  manganese  is  too  high.  While 
steel  of  this  composition  would  be  moderately  hard  and  wear  fairly  well,  it  would 
be  somewhat  brittle.  It  is  not  surprising  to  learn  that  some  teeth  gave  way  by 
fracture.  If  the  relative  proportions  of  carbon  and  manganese  in  the  steel  were 
reversed,  it  would  be  a  much  better  material  for  the  purpose. 

I  hope  Mr.  Lewis'  thoughtful  paper  may  aid  in  establishing  the  desired 
results  :  an  accepted  standard  for  the  shape  of  teeth.  Probably  at  no  time  was 
the  confusion  more  accentuated  than  at  present,  owing  to  the  diverse  methods 
of  gear  cutting  practised  by  different  establishments,  and  the  difficulty  experienced 
when  an  interchange,  which  frequently  occurs,  is  desired. 

Mr.  Rondinella. — Of  course,  the  great  value  of  circular  arcs  approxi- 
mating closely  to  the  true  tooth -curves  is  for  the  use  of  the  draftsman,  and  in  a 
less  degree,  nowadays,  for  the  use  of  the  pattern-maker  afterward.  But  a 
draftsman  can  use  a  circular  arc  just  as  well  to  represent  these  curves  as  he  can 
use  a  straight  line  to  represent  the  helix  of  a  screw-thread. 
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W.  Trinks. — I  wish  to  call  attention  to  an  article  on  high  speed  gearing  in 
the  November  and  December  numbers  of  the  "  Zeitschrift  des  Vereins  deutscher 
Ingenieure,"  1899,  by  the  chief  engineer  of  the  General  Electric  Company,  at 
Berlin,  Germany.  The  experiments  show  that  there  is  no  rule  for  the  relation 
between  pressure  and  speed ;  it  depends  upon  accuracy :  the  load  on  the  teeth 
may  be  the  higher  the  more  accurately  the  gears  are  made.  A  remarkable 
method  of  manufacturing  gears  was  the  outcome  of  the  experiment  The  curves 
are  laid  out  on  paper  three  or  four  times  the  size  of  the  real  tooth,  reduced  to 
proper  size  by  photography,  transferred  on  sheet  steel,  and  etched  in.  Thus  the 
highest  degree  of  accuracy  is  obtained. 

It  was  found  that  neither  cycloidal  nor  involute  curves  gave  the  best 
results.  Another  curve  was  developed  with  a  view  to  reducing  the  sliding 
motion  between  the  teeth.  The  article  contains  very  interesting  diagrams  on 
this  point.  By  dividing  the  length  of  two  working  teeth  into  an  equal  number 
of  parts,  the  amount  of  sliding  action  can  be  determined  and  the  fact  shown 
that  it  is  reduced  to  a  minimum  by  these  methods. 

Another  thing  shown  by  the  paper  is  never  to  place  a  fly-wheel  close  to  a  gear. 
If  possible,  have  a  good  length  of  shaft  between.  Slight  inaccuracies  in  the 
pitch  of  the  wheel  require  acceleration  or  retardation  of  the  mass,  and  in  order 
to  do  this  force  is  needed.  This  force  causes  a  hammering  on  the  teeth  which 
may  break  them  ;  in  other  words,  plenty  of  elastic  material  should  be  between 
the  inertia  masses  and  the  gears.  I  feel  pretty  sure  that  all  engineers  will  be 
much  interested  in  the  article ;  it  is  a  valuable  treatise  on  high  speed  gearing. 


Digitized  by  CjOOQIC 


Marburg — A  Historical  Sketch  of  The  Engineer?  Club.  61 


A  HISTORICAL  SKETCH  OF  THE  ENGINEERS'  CLUB  OF 
PHILADELPHIA. 

EDGAR  MARBURG. 
Bead  at  the  Celebration  of  the  Twenty-third  Anniversary  of  the  Founding  of  the  Club,  December  16, 1900, 

Ladies  and  Gentlemen: 

The  function  this  evening  is  designed  to  commemorate  the  day, 
twenty-three  years  ago,  that  witnessed  the  founding  of  The  Engineers9 
Club  of  Philadelphia.  The  observance  of  this  day,  henceforth  to  be 
known  as  Anniversary  Day,  is  expected  to  become  a  pleasant  annual 
feature  in  the  future  life  of  the  Club.  It  seemed  fitting  that  at  this, 
its  initial  celebration,  a  brief  account  should  be  given  of  the  Club's 
origin,  its  early  history  and  subsequent  development. 

If  there  be  one  quality  that  marks  the  engineer  above  the  average 
of  his  fellows,  that  quality,  be  it  said  in  all  modesty,  is  modesty 
itself.  Logically,  then,  the  beginning  of  the  Club  could  not  well 
have  borne  a  different  stamp.  On  the  17th  of  December,  1877,  a 
small  assemblage  of  serious-minded  young  men,  twenty-one  in  num- 
ber and  little  more  in  average  age,  gathered  at  the  home  of  Dr. 
Coleman  Sellers,  3301  Baring  Street,  for  the  avowed  purpose  of 
establishing  closer  social  and  professional  relations  between  young 
men  engaged  in  engineering  pursuits.  This  meeting  was  itself  the 
issue  of  two  social  gatherings  of  a  purely  informal  character,  held 
during  the  fall  of  the  same  year  at  the  residences  of  Messrs.  Charles 
E.  Billin  and  Charles  A.  Young.  The  seed  for  the  undertaking  had, 
however,  been  planted  the  year  before  during  the  Centennial  Exposi- 
tion. Both  the  American  Society  of  Civil  Engineers  and  the 
American  Institute  of  Mining  Engineers,  with  commendable  fore- 
thought, had  established  admirably  appointed  headquarters  in  this 
city  for  the  convenience  of  American  and  foreign  engineers  visiting 
the  exposition.  The  American  Institute  of  Mining  Engineers  had 
fitted  up  commodious  apartments  at  Eleventh  and  Girard  Streets,  in 
the  same  block  in  which  our  Club  has  its  present  habitation. 
Throughout  the  centennial  season  informal  meetings,  or  conversa- 
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ziones,  as  they  were  called,  were  held  here  on  Thursday  evenings,  at 
which,  in  addition  to  the  social  interchange  of  opinions  between 
engineers  from  all  corners  of  the  globe,  addresses  or  familiar  talks 
were  held  on  a  great  variety  of  engineering  topics.  The  pronounced 
success  of  these  meetings,  as  well  as  the  intelligent  and  thoughtful 
provision  for  the  needs  of  foreigners,  was  due  especially  to  the  zeal- 
ous efforts  of  one  of  our  own  charter  members,  Mr.  William  G. 
Neilson,  upon  whom  a  decoration  was  bestowed  by  the  Emperor  of 
Germany,  in  recognition  of  his  services  in  that  connection  to  German 
engineers. 

It  appears  that  the  organization  of  The  Engineers'  Club  of  Phila- 
delphia was  prompted  primarily  by  pleasant  recollections  of  these 
very  delightful  Thursday  evening  meetings  held  during  1876.  To 
return  to  the  event,  the  anniversary  of  which  we  are  now  commem- 
orating, it  is  recorded  that  the  meeting  was  called  to  order  by  Mr. 
Coleman  Sellers,  Jr.,  who  credited  Mr.  Charles  E.  Billin  with  the  con- 
ception of  the  idea,  which  he  bade  him  lay  before  the  meeting  in  fuller 
outline.  Mr.  Billin's  remarks  on  this  interesting  occasion  are,  unfor- 
tunately, not  on  record.  That  they  did  not  fail  in  their  purpose  is 
attested  by  the  fact  that  a  permanent  organization  was  immediately 
effected  by  the  election  of  officers  and  the  appointment  of  a  com- 
mittee on  constitution  and  by-laws.  With  due  regard  to  ceremonies 
befitting  so  impressive  an  occasion,  the  president-elect,  Professor  L. 
M.  Haupt,  was  escorted  to  the  chair  on  the  arm  of  two  members 
appointed  by  the  temporary  chairman.  The  other  officers  were  Mr. 
Coleman  Sellers,  Jr.,  Vice-President,  and  Mr.  Charles  E.  Billin, 
Secretary  and  Treasurer. 

It  seems  to  have  been  the  sense  of  the  meeting  that  the  member- 
ship should  be  limited,  in  the  apprehension  that  too  great  a  number 
would  check  the  development  of  that  sociability  which  it  was  desired 
to  foster.  In  fact,  from  the  by-laws  reported  at  the  next  meeting  it 
appears  that  the  active  membership  was  originally  limited  to  fifty. 

All  persons  in  attendance  at  the  organization  meeting,  and  at  the 
two  social  gatherings  previously  held,  to  the  number  of  twenty-three, 
were  declared  charter  members  of  the  Club.  Of  these,  four  have 
remained  steadfast  in  their  allegiance  to  this  day.* 

*  Charles  E.  Billin,  Wilfred  Lewis,  M.  R.  Muckl6,  Jr.,  William  G.  Wilson. 


Digitized  by  CjOOQIC 


Marburg — A  Historical  Sketch  of  The  Engineers'  Club.  63 

It  is  recorded  in  the  minutes  of  the  first  meeting  that  a  member 
offered  the  somewhat  drastic  suggestion  that,  with  a  view  to  maintain- 
ing control  of  engineering  positions,  a  system  should  be  inaugurated 
for  effectively  suppressing  young  men  who  might  contemplate  entering 
the  engineering  profession.  The  transition  from  this  idea  to  that  of 
the  modern  trust  is  so  easy  that  the  responsibility  for  the  latter 
rests  plainly  upon  our  shoulders.  The  means  by  which  this  suppres- 
sion was  to  be  effected  were  not  specified.  It  seems,  however,  that 
the  matter  was  not  pressed  against  the  protests  of  the  President  that 
the  proposed  scheme  might  prove  disastrous  to  his  own  occupation  in 
connection  with  engineering  education. 

The  constitution  and  by-laws  were  submitted  and  discussed  at  the 
next  meeting,  held  on  January  8,  1878,  and  in  their  final  amended 
form  were  adopted  on  January  19th  of  that  year.  The  constitution 
provided  that  "  this  Association  shall  be  called  The  Engineers'  Club 
of  Philadelphia  " ;  that  "  its  object  shall  be :  the  professional  improve- 
ment of  its  members,  the  encouragement  of  social  intercourse  among 
men  of  practical  science,  and  the  advancement  of  engineering  in  its 
several  branches  " ;  that  "  among  the  means  to  be  employed  for  attain- 
ing these  ends  shall  be  periodical  meetings  for  the  discussion  of  scien- 
tific subjects  and  for  social  intercourse";  that  "the  memberships 
shall  consist  of  honorary,  corresponding,  and  active  members;  and 
that  civil,  geological,  mining,  and  mechanical  engineers,  architects, 
and  other  persons  who  by  profession  are  interested  in  the  advancement 
of  science  shall  be  eligible  for  admission  to  membership."  A  striking 
commentary  on  the  marvelous,  latter-day  evolution  of  engineering  is 
found  in  the  omission  of  the  now  so  familiar  designation  of  "  elec- 
trical engineer,"  in  the  specific  enumeration  of  those  eligible  for 
membership. 

The  by-laws  provided  that  "  meetings  shall  be  held  on  the  first  and 
third  Saturdays  of  each  month,"  a  custom  that  obtains  at  the  present 
time.  The  expenses  were  to  be  borne  wholly  by  the  active  members, 
who  were  subjected  to  the  modest  entrance  fee  of  $1.00  and  were 
liable  afterward  to  periodic  assessments  as  circumstances  demanded. 

The  responsibility  for  the  program  was  vested  in  a  "  Committee  on 
Information,"  composed  of  five  members,  the  personnel  of  which  was 
continually  changing  by  the  appointment  of  two  new  members  at  each 
meeting.     This  Committee  was  instructed  to  "collect  notes  of  new 
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engineering  works  and  facts  and  figures  of  interest  to  the  members  of 
the  Club/'  One  member  of  each  Committee  was  expected  to  collect 
newspaper  clippings  and  short  articles  from  periodicals  on  subjects  of 
especial  interest  to  engineers.  It  was  stipulated  that  these  articles 
were  to  be  carefully  pasted  on  margined  legal  cap,  that  a  short  resume 
of  each  article  was  to  be  given  at  the  meetings,  and  that  the  sheets 
were  to  be  afterward  handed  over  to  the  Secretary  for  safe-keeping. 
While  it  is  somewhat  doubtful  that  the  latter  requirements  were 
at  any  time  literally  observed,  there  is  abundant  evidence  that  the 
proceedings  during  this  early  period  were  of  a  most  interesting  and 
varied  character  and  distinctly  less  formal  than  at  the  present  time. 

The  policy  of  the  Club  was  vigorous  and  enterprising  from  the 
start.  Scarcely  two  months  in  existence,  it  tendered  a  reception  at  the 
Penn  Club,  Eighth  and  Locust  Streets,  to  the  American  Institute  of 
Mining  Engineers,  then  assembled  in  this  city  in  annual  convention. 

The  first  typographic  output  appeared  soon  afterward  in  the  form 
of  a  "  Committee  Report  on  the  Metric  System  of  Weights  and  Meas- 
ures." In  substance,  the  Committee  recognized  the  merits  of  the 
metric  system ;  heartily  recommended  its  use  in  professional  literature; 
favored  its  gradual  introduction  in  practice;  but  deprecated  the  imme- 
diate compulsory  adoption  by  State  or  national  legislation.  It  is 
interesting  to  recall  that  at  a  meeting  eighteen  years  later,  almost  to 
a  day,  a  discussion  of  the  same  subject  resulted  in  the  adoption  of  a 
resolution,  by  a  vote  of  100  to  60,  "  that  The  Engineers'  Club  of 
Philadelphia  respectfully  urges  its  representatives  at  Washington  to 
advocate  the  adoption  of  the  metric  system  as  the  only  legal  standard 
in  the  United  States,  and  to  promote  such  international  cooperation  as 
will  provide  unity  of  practice  amongst  commercial  nations." 

At  the  sixth  meeting  a  special  committee  was  appointed  to  report 
upon  the  telephone  and  the  phonograph,  two  recent  inventions  that 
had  produced  a  sensation  throughout  the  civilized  world,  no  less 
startling  than  that  created  by  the  discovery  of  the  s-rays  within  the 
nearer  past. 

Before  attaining  to  its  first  anniversary,  the  Club  had  memorialized 
Congress  on  behalf  of  the  United  States  Board  for  Testing  Iron, 
Steel,  and  other  Materials.  Another  lengthy  memorial  had  been 
addressed  to  the  Legislature  of  Pennsylvania,  embodying  a  strenuous 
plea  on  behalf  of  a  geodetic  survey  of  the  State.     In  the  discussion 
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of  the  latter  measure  it  was  stated  as  an  instance  of  the  shocking 
state  of  affairs  then  existing  that  recently,  in  retracing  the  line 
between  Pennsylvania  and  Delaware,  it  was  found  that  a  Pennsyl- 
vania member  of  the  Legislature  actually  lived  in  Delaware. 

The  buoyant  confidence  in  the  ultimate  destiny  of  the  Club  enter- 
tained by  its  energetic  founders  is,  perhaps,  in  nowise  better  shown 
than  in  the  resolution  to  make  the  Club's  library  a  circulating  one  at 
a  time  when  the  same  consisted  of  a  single  volume.  It  may  be  that 
this  measure  was  prompted  in  part  by  the  exigencies  of  the  situation, 
since  the  Club  itself  stood  at  that  time  on  what  might  be  called  a 
circulating  footing,  having  no  abiding  place  that  it  could  call  its  own. 
For  the  first  four  months  the  Club  led  a  cheerful,  prosperous,  though 
somewhat  peripatetic,  existence  by  holding  its  meetings  at  the  houses 
of  various  members.  The  minutes  of  those  times  oontain  sundry 
appreciative  references  to  the  hospitality  dispensed  by  "  mine  gracious 
host,"  in  providing  "a  most  acceptable  and  refreshing  entertainment." 
It  appears  also,  and  much- to  the  credit  of  these  sturdy  founders  it 
should  be  counted,  that  the  serious  side  of  their  venture  was  not  allowed 
to  suffer;  for  after  these  intervals  of  good  cheer  and  fellowship,  the 
discussion  of  so-called  "  questions  for  debate "  was  resumed  with 
unabated  vigor  and  unfailing  regularity. 

After  seven  such  meetings,  an  arrangement  was  effected  with  the 
Philadelphia  Chapter  of  the  American  Institute  of  Architects  for  the 
joint  use  of  their  rooms  at  No.  10  North  Merrick  Street,  on  the 
present  site  of  Broad  Street  Station.  At  this  location,  on  the  third 
floor  of  the  building,  the  first  meeting  was  held  on  April  6,  1878. 
In  the  fall  of  that  year  the  Club  had  its  full  complement  of  fifty 
active  members,  besides  a  waiting  list  of  encouraging  proportions. 
The  new  conditions  were  promptly  met  by  a  reorganization  on 
broader  lines;  the  adoption  of  a  new  constitution  and  by-laws;  the 
removal  of  the  former  restrictions  on  the  membership ;  and  a  sub- 
stantial increase  of  dues,  with  a  view  especially  to  publishing  the 
Club's  "  Proceedings  "  and  thereby  extending  its  sphere  of  usefulness. 

At  the  beginning  of  the  following  year  the  members  had  the  well- 
merited  satisfaction  of  greeting  the  first  number  of  the  first  volume 
of  the  "  Proceedings/'  which  led  to  the  immediate  establishment  of 
an  extensive  and  exceedingly  valuable  exchange  list  The  favor  with 
which  this  maiden  effort  was  received  in  outer  technical  circles  may 
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be  fairly  judged  by  the  following  excerpt  from  an  editorial  in  the 
"  Engineering  News  "  of  March  15,  1879,  then,  as  now,  the  leading 
engineering  journal  in  this  country  :  "  We  are  in  receipt  of  the  first 
number  of  the  '  Proceedings  of  the  Engineers'  Club  of  Philadelphia,9 
edited  by  Charles  E.  Billin,  Corresponding  Secretary.  It  is  a  very 
fine  pamphlet  of  eighty-eight  pages,  and  is  the  most  creditable  display 
of  enterprise  ever  exhibited  by  any  American  engineering  society." 
Within  a  year  the  first  volume,  consisting  of  five  numbers,  aggre- 
gating 294  pages,  had  been  completed  and  had  gained  for  the  Club 
an  enviable  reputation  both  at  home  and  abroad. 

The  membership  had,  meanwhile,  increased  to  nearly  one  hundred ; 
a  good  nucleus  had  been  created  for  the  library,  largely  through  gen- 
erous donations  on  the  part  of  Mrs.  Joseph  Harrison ;  and  entirely 
independent  quarters  had  been  established  at  No.  1518  Chestnut 
Street,  where  the  first  meeting  was  held  on  September  6, 1879. 

The  Club's  success  and  permanency  were  now  assured  beyond  per- 
ad venture.  Two  years  later  its  membership  had  doubled,  and  more 
commodious  apartments  were  secured  at  No.  1523  Chestnut  Street, 
where  the  Club  met  for  the  first  time  on  December  3,  1881.  Within 
a  few  years  the  continued  increase  of  membership  again  demanded 
more  extended  accommodations,  and  a  house  was  accordingly  leased 
at  No.  1122  Girard  Street  for  the  exclusive  use  of  the  Club.  The 
house-warming  took  place  here  on  October  17,  1885,  and  at  this  loca- 
tion the  Club  has  maintained  an  existence  of  uninterrupted  prosperity 
up  to  the  present  time. 

The  proverbial  hospitality  of  the  "city  of  brotherly  love"  to  the 
stranger  within  her  gates  has  been  well  sustained  by  the  Club  in  cour- 
tesies extended  on  numerous  occasions  to  scientific  and  technical  socie- 
ties temporarily  sojourning  in  our  midst  and  to  distinguished  foreign 
visitors.  Especially  noteworthy  are  the  reception  in  honor  of  Count 
Ferdinand  de  Lessens  in  March,  1880,  and  that  tendered  the  delegates 
to  the  World's  Fair  of  the  Engineering  Society  of  France,  in  August, 
1893,  an  event  which,  by  their  own  generous  declarations,  contributed 
in  no  small  measure  to  the  enjoyment  of  their  visit  to  this  country. 
A  booklet  of  over  one  hundred  pages,  with  illustrative  charts,  relating 
to  "Objects  of  Interest  to  Engineers  and  others  in  and  about  Phila- 
delphia" was  prepared  by  the  Club  partly  for  that  occasion  and  to 
serve  the  needs  of  foreign  engineers  in  general  who  might  be  attracted 
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to  this  country  by  the  World's  Fair.  This  laborious  task  was  volun- 
tarily assumed  by  one  of  our  energetic  members  and  ex-presidents, 
Mr.  John  C.  Trautwine,  Jr. 

The  Club's  life,  on  its  social  side,  has  been  emphasized  at  various 
times  by  receptions,  excursions,  social  meetings,  and  dinners,  with  the 
attempt  always  to  enhance  their  enjoyment  by  the  avoidance  of  need- 
less formality. 

The  legal  incorporation  of  the  Club  on  June  9,  1892,  the  date  of 
it?  present  charter,  marked  an  important  epoch  in  its  affairs. 

Within  the  limits  of  this  brief  review  no  attempt  can  be  made  to 
enumerate  the  Club's  many-sided  activities  during  the  twenty-three 
years  of  its  honorable  history.  Its  published  "  Proceedings,"  contain- 
ing not  far  from  6000  pages,  in  seventeen  octavo  volumes,  tell  their 
own  story  of  the  Club's  achievements  in  furtherance  of  the  interests 
for  which  it  stands.  Eleven  hundred  and  twenty-five  persons  have 
at  various  times  been  counted  among  its  members.  The  li3t  at  present 
comprises  462  names;  and  the  attendance  at  the  semi-monthly  meet- 
ings shows  the  gratifying  average  of  no  less  than  70. 

The  history  of  the  Club  abounds  with  examples  of  self-sacrificing 
devotion  to  its  interests  and  principles  on  the  part  of  individual  mem- 
bers ;  of  arduous  labors  willingly  assumed,  without  reward  save  that 
which  comes  from  the  sense  of  duty  well  performed.  The  Club's 
policy  has  ever  been  marked  by  wise  conservatism,  though  it  has  not 
hesitated  to  express  itself,  at  proper  times,  squarely  and  unequivocally, 
on  public  measures  touching  interests  within  its  province.  With 
modest  pride  may  we  look  upon  its  past  and  ask  no  better  earnest  for 
its  future. 
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OBITUARY. 

EMILE  C.  GEYELIN. 

Emile  C.  Geyelin  was  born  November  15,  1825,  in  Mulhouse,  France,  where 
he  received  his  education  as  a  mechanical  hydraulic  engineer  nnder  Jonval,  the 
distinguished  inventor  of  the  Jonval  turbine.  In  the  early  forties  he  came  to  this 
country  for  the  purpose  of  introducing  this  wheel  and  to  practise  his  profession, 
and  years  ago  became  a  naturalised  citizen.  One  of  the  first  of  his  works  was  the 
erection  of  one  of  these  wheels  for  the  powder- works  of  Messrs.  E.  J.  Dupont  &  Co. 

In  1851,  upon  the  recommendation  of  Mr.  Frederick  Graff,  Chief  Engineer  of 
the  Philadelphia  Waterworks,  one  of  the  breast-wheels  at  the  Fairmount  Pumping 
Station  was  replaced  by  a  Geyelin-Jonval  turbine.  In  1862  three  new  turbines 
were  started,  and  during  1867-1871  three  others  were  installed,  replacing  the 
remaining  breast-wheels.  In  his  report  for  1871  Mr.  Graff,  again  Chief  Engineer, 
says  of  the  last  of  these  installations  :  "  Like  those  previously  erected  by  the  same 
parties,  it  is  an  excellent  piece  of  work,  and  reflects  great  credit  upon  the  con- 
tractors, Messrs.  E.  Geyelin  and  I.  P.  Morris  &  Co.,  for  the  faithful  and  skilful 
manner  in  which  they  have  performed  the  requirements  of  their  contracts."  The 
seven  turbines  thus  installed  are  still  in  operation,  furnishing  all  the  power  used  at 
that  station.  About  fifty  years  ago  the  wheels  of  the  Montreal  Waterworks  were 
replaced  by  the  Geyelin  turbines.  They  were  subsequently  adopted  for  the  water- 
works of  Augusta,  Ga.,  Watertown,  N.  Y.,  Willi mantic,  Conn.,  Richmond,  Va., 
and  other  cities. 

In  1875  Mr.  Geyelin  invented  a  duplex  turbine,  designed  to  run  economically 
at  one- third,  one-half,  or  two-thirds  gate.  As  a  substitute  for  the  old-fashioned 
wooden  step  used  in  turbines  he  invented  a  glass  suspension  bearing,  equally 
applicable  for  other  heavy  upright  shafting.  This  is  in  use  in  most  of  the  turbines 
since  erected  by  Mr.  Geyelin. 

For  nearly  thirty  years  preceding  his  death  Mr.  Geyelin  was  consulting  engineer 
to  the  firm  of  R.  D.  Wood  &  Co.,  of  Philadelphia,  which  has  installed  many  plants 
for  the  supply  of  water  and  for  the  development  of  water-power. 

One  of  Mr.  Geyelin's  most  recent  works  was  the  erection  of  turbines  for  the 
Niagara  Falls  Paper  Co.  Here  he  applied  the  pressure  of  the  water  to  the  bottom 
instead  of  to  the  top  of  the  turbine,  furnishing  a  water  bearing  for  the  weight  of 
the  shaft  and  of  the  dynamo.  This  was  accomplished  by  giving  the  bottom  of 
the  penstock  a  turn  of  a  half  circle  and  inverting  the  turbine  itself. 

Mr.  Geyelin  was  a  recognized  authority  in  matters  pertaining  to  water-power, 
and  was  frequently  consulted  as  an  expert  Among  his  writings  on  water-power 
and  waterworks  were  :  A  pamphlet  addressed  to  the  American  Waterworks 
Association  on  April  23,  1891,  entitled  "The  Growth  of  the  Philadelphia  Water- 
works," with  remarks  as  to  its  further  improvement ;  "A  Suggestion  for  a  Pure 
and  Unpolluted  Water-supply  for  Philadelphia";  and   "  The  Baptism  of  the 
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Great  Niagara  Tunnel."  The  last-named  paper  was  published  in  the  Proceedings 
of  The  Engineers'  Club  of  Philadelphia,  April  and  June,  1894. 

Mr.  Geyelin  married  Miss  Lanssat,  only  child  of  Anthony  Laussat,  of  Phila- 
delphia, and  granddaughter  of  Anthony  Laussat,  the  last  Prefect  of  Louisiana, 
who  acted  as  Commissioner  when  that  State  was  transferred  from  the  French  to  the 
United  States  government.  Mr.  Geyelin  is  survived  by  his  widow  and  by  his  son, 
Henry  Laussat  Geyelin,  an  attorney  of  this  city. 

With  the  courtesy  of  a  French  gentleman  of  the  old  school  Mr.  Geyelin  com- 
bined a  simplicity  and  modesty  of  demeanor  which,  while  it  endeared  him  to  all 
with  whom  he  came  into  personal  contact,  forbade  him  to  assume  that  outward 
prominence  to  which  his  abilities  and  his  achievements  so  richly  entitled  him. 

Edwin  F.  Smith, 
Francis  Schumann, 
John  C.  Trautwine,  Jr., 
Committee. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  November  17,  1900.— The  President  in  the  chair.  Sixty- 
seven  members  and  eight  visitors  present. 

The  death  of  Thomas  P.  Lonsdale  was  an  no  n  need. 

Dr.  Joseph  T.  Bothrock  read  a  paper  on  "  Pennsylvania  Forests  and  What  is 
Necessary  to  Restore  Them."  The  subject  was  discussed  by  Messrs.  Birkinbine, 
Marburg,  Codman,  Schernierhorn,  Maignen,  and  Trantwine. 

Business  Meeting,  December  1, 1900.— The  President  in  the  chair.  Sixty-eight 
members  and  six  visitors  present. 

Nominations  for  officers  were  presented  as  follows  : 


For  President  : 
Henry  Leffmann. 

For  Vice-President: 
Edwin  F.  Smith. 

For  Secretary  : 

L.  F.  RONDINELLA. 

For  Treasurer: 
Geo.  T.  Gwilliam. 

For  Directors : 
Silas  G.  Comfort. 
Minford  Levis. 
W.  B.  Riegner. 
Harrison  Souder. 


Proposed  by: 

[James  Christie. 
Carl  Hering. 

John  C.  Trantwine,  Jr. 
W.  B.  Riegner. 
Minford  Levis. 


Henry  Leffmann. 
L.  Y.  Schermerhorn. 
Wm.  C.  L.  Eglin. 
John  Birkinbine. 


Seconded  by : 
Jos.  T.  Richards. 
Wm.  R.  Webster. 

Carl  Hering. 
H.  C.  Felton. 
W.  Devereux. 


Edward  K.  Landis. 
Geo.  S.  Webster. 
Josiah  Dow. 
H.  V.  B.  Osbourn. 


The  Committee  on  Nominations  was  named  as  follows :  L.  T.  Schermerhorn 
(Chairman),  John  C.  Trantwine,  Jr.,  Geo.  S.  Webster,  John  E.  Codman,  and  Prof. 
Walter  L.  Webb. 

Mr.  James  Christie  read  a  paper  upon  "  High-speed  Toothed  Gearing."  Mr. 
Wilfred  Lewis  read  a  paper  on  "  Interchangeable  Gearing.' *  The  subject  was  dis- 
cussed by  Messrs.  Graves,  Rondinella,  Christie,  Hering,  Eglin,  and  Trinks. 

The  Tellers  reported  the  election  of  Samuel  S.  Sadtler  and  F.  H.  Sbelton  to 
active  membership. 
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Anniversary  Meeting,  December  15,  1900,  held  at  the  New  Century  Draw- 
ing Boom,  124  South  Twelfth  Street  Eighty-six  members  and  one  hundred  and 
seventy-three  visitors  present. 

No  regular  business  was  transacted. 

The  President  read  a  sketch  of  the  history  of  the  Club,  from  its  foundation  to 
the  present  time. 

Mr.  Carl  Hering  delivered  an  illustrated  lecture  on  "  The  Popular  Features  of 
the  Paris  Exposition. " 

At  the  close  of  the  exercises  an  informal  reception  with  refreshments  and  music 
was  given. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Special  Meeting,  October  27,  1900.— No  quorum. 

Special  Meeting,  November  3,  1900.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Levis  and  Christie,  the  Secretary,  and  the  Treasurer. 

The  meeting  was  called  to  consider  the  arrangements  for  the  celebration  of  the 
Twenty-third  Anniversary. 

Special  Meeting,  November  10,  1900.—  Present:  The  President,  the  Vice- 
Presidents,  Directors  Levis,  Souder,  Christie,  and  Piez,  the  Secretary,  and  the 
Treasurer. 

The  meeting  was  called  for  consideration  of  the  celebration  of  the  Anniversary. 

Regular  Meeting,  November  17,  1900.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Levis,  Souder,  and  Smith,  the  Secretary,  and  the  Treasurer. 

The  Treasurer's  report  showed  : 

Balance  on  hand,  September  30,  1900, $279.50 

Receipts  in  October, 521.40 

$800.90 
Disbursements  in  October, 555.13 

Balance,  October  31,  1900, $245.77 

The  death  of  Thomas  P.  Lonsdale  was  announced. 

The  resignation  of  Wm.  Penn  Evans  as  Director  was  accepted. 

The  House  Committee  made  a  report  in  regard  to  the  cost  of  famishing  electric 
lighting  for  a  portion  of  the  Club-house. 

A  Special  Committee  on  Club  Anniversary  made  a  preliminary  report. 

Special  Meeting,  December  1,  1900.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Levis,  Souder,  and  Christie,  the  Secretary,  and  the  Treasurer. 

The  Committee  on  Anniversary  presented  a  final  report. 

Regular  Meeting,  December  15,  1900. — Present :  The  President,  the  Vice- 
Presidents,  Directors  Levis,  Souder,  and  Smith,  the  Secretary,  and  the  Treasurer. 

The  Treasurer's  report  showed  : 

Balance  on  hand,  October  31,  1900, $245.77 

November  receipts, 256.25 

Transferred  from  3%  account, 300.00 

$802.02    " 
November  disbursements, 232.54 

Balance,  November  30,  1900, $569.48 

Resignations  were  accepted  as  follows  : 

From  Active  Membership :  F.  J.  Firth,  A.  Hale,  G.  Mordecai,  F.  V.  Matton, 

Thomas  Spencer,  W.  M.  Stine,  A.  B.  Stovell,  C.  A.  Merriam,  and  F.  Uhlenhant,  Jr. 

From  Associate  Membership :  S.  C.  Dinsmore,  F.  C.  Kohl,  and  B.  F.  Stradley. 


Digitized  by  CjOOQIC 


Additions  to  the  Library.  73 


ADDITIONS  TO  GENERAL  LIBRARY. 


From  J.  J.  L.  Houston,  Philadelphia. 

Railway  Economy  in  Europe  and  America,  Dionysius  Lardner,  1850.  Civil 
Engineering,  John  Millington,  1839. 

From  Ernest  McCulloitgh,  Lewiston,  Idaho. 
Municipal  Public  Works  Manual,  1900. 

From  James  Christie,  Philadelphia. 
Talbot's  Open-hearth  Continuous  Steel  Process,  1900. 

From  American  Philosophical  Society. 
Proceedings,  Vol.  XXXIX,  No.  163. 

From  American  Soc.  Mechanical  Engineers. 
Transactions,  Vol.  XXI,  1900,  unbound. 

From  Chas.  H.  Rust,  City  Engineer,  Toronto,  Canada. 
Annual  Report,  1899. 

From  Wagner  Free  Inst,  op  Science. 
Transactions,  Vol.  Ill,  Part  5,  December,  1900. 

From  J.  C.  Smock,  State  Geologist,  Trenton,  N.  J. 
Annual  Report,  1899  (Forests),  with  maps. 

From  New  York  Academy  of  Sciences. 
Memoirs,  Vol.  II,  Part  2,  1900.    Annals,  Vol.  XIII,  Part  1. 

From  Prof.  J.  C.  Branner,  Stanford  University,  Cal. 

The  Manganese  Deposits  of  Bahia  and  Minas,  Brazil.  Oil-bearing  Shales  of  the 
Coast  of  Brazil.  Proceedings,  Washington  Acad,  of  Sciences,  Vol.  II,  pp.  185-201. 
Bulletin  U.  S.  Geological  Surrey,  No.  143.  The  Origin  of  Beach  Cusps.  Ants 
as  Geologic  Agents  in  the  Tropics.  Observations  upon  Erosion  in  Hydrographic 
Basin  of  Arkansas  River  above  Little  Rock.  The  former  Extension  of  the 
Appalachians  across  Mississippi,  Louisiana,  and  Texas.  Thickness  of  Ice  in 
Northeastern  Pennsylvania  during  the  Glacial  Epoch.  Geology  in  Its  Relations 
to  Topography.     Phosphate  Deposits  of  Arkansas.    Bauxite  Deposits  of  Arkansas. 

From  State  Board  of  Health  of  Massachusetts. 
Thirty-first  Annual  Report,  1899. 
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From  L.  C.  Ferrell,  Supt.  of  Documents,  Washington,  D.  C. 

Special  Consular  Reports,  Vol.  XVI,  Supplement ;  Vol.  XIX ;  VoL  XX,  part 
1 ;  Vol.  XX,  part  2 ;  Vol.  XX,  part  3 ;  Vol.  XXI,  part  1 ;  Vol.  XXI,  part  2  ;No. 
239.  Exports  Declared  for  U.  S.,  fiscal  year  1899.  Exports  Declared  for  U.  S.,  quar- 
ter ended  June  30,  1900.  Consular  Reports,  No.  241.  Arizona,  Report  of  Gover- 
nor, 1899.  Preliminary  report  of  Reservoir  sites  in  Wyoming  and  Colorado.  Five 
Civilized  Tribes,  Sixth  Annual  Report  of  the  Commission,  1899.  Foreign  Com- 
merce and  Navigation,  Vol.  I.     Foreign  Commerce  and  Navigation,  VoL  II. 

From  Institution  op  Civil  Engineers,  London. 
Abstracts,  Vol.  CXLII,  1899-1900,  part  4. 

From  U.  S.  Geological  Survey,  Washington,  D.  C. 

Twentieth  Annual  Report,  1898-1899,  parts  2,  3,  4,  5,  7.  Map  of  Alaska, 
Showing  Known  Gold-bearing  Rocks.  Preliminary  Report  on  Cape  Nome  Gold 
Region. 

From  Charles  Warren  Hunt,  Sec'y.,  Am.  Soc.  Civil  Engineers. 
Catalogue  of  Library,  June,  1900. 

From  Emil  L.  Nuebling,  Reading,  Pa. 
Thirty-fifth  Annual  Report,  Board  of  Water  Commissioners,  1899-1900. 

From  University  of  California,  Berkeley,  Cal. 
University  Chronicle,  Vol.  Ill,  No.  5,  November,  1900. 

From  Public  Library,  City  of  Boston. 
Annual  List  of  New  Books,  1899-1900. 

From  G.  Eiffel,  Paris,  France. 
Scientidc  Work  on  the  Tower  of  300  Meters,  1899-1900. 

From  Society  of  Civil  Engineers  of  France. 
Reception  to  Delegates,  1900. 

From  Geographical  Society,  Phila. 
Bulletin,  December,  1900. 

Periodicals  Recently  Bound  and  Added  to  the  Library. 

Engineering  News,  Vol.  IX,  1882  ;  Vol.  XI,  1884  ;  Vols.  XIII  and  XIV,  1885 ; 
Vols.  XXVII  and  XXVIII,  1892;  Vol.  XXIX,  1893;  Vols.  XXXIII  and 
XXXIV,  1895  ;  Vols.  XXXV  and  XXXVI,  1896  ;  VoL  XXXIX,  1898  ;  VoL  XL, 
1898  ;  VoL  XLI,  1899  ;  Vol.  XLII,  1899.  Electrical  World,  Vols.  XIX  to  XXII, 
1892-1893;  Vols.  XXVI  to  XXXIII,  1895-1899.  Engineering  Record,  Vols. 
XXXVII  to  XL,  1898-1899.  Am.  Inst.  Mechanical  Engineers,  Vols.  XIX  to  XXI, 
1897-1899.  Am.  Inst  Mining  Engineers,  Vols.  XXVII  to  XXIX,  1897-1899. 
Journal  of  the  Franklin  Institute,  Vol.  LXIX,  1875;  Vols.  CV  and  CVI,  1878; 
Vol.  CXVI,  1883.  Am.  Society  of  Civil  Engineers,  Vols.  XX  and  XXI,  1889; 
Vols.  XXXIX  to  XLIII,  1898-1900.  Association  of  Engineering  Societies,  Vol. 
XX,  1898  ;  Vol.  XXII,  1899. 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA, 


House,  No.  naa  Glrard  Street, 

PHILADELPHIA.  PA. 


ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS 

FOR  THE  FISCAL  YEAR  1000 

January  5,  1901. 

To  The  Engineers'  Club  op  Philadelphia  : 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  for  the  year  ending  December  31,  1900. 

Eighteen  regular  meetings  of  the  Club  were  held,  at  which  the  maximum  attend- 
ance was  92,  and  the  average  about  70.  Nine  stated  and  three  special  meetings  of 
the  Board  of  Directors  were  held,  at  all  of  which  a  quorum  was  present. 

One  honorary,  20  active,  4  associate,  and  9  junior  members  were  elected  ;  13  active 
and  4  associate  members  resigned  ;  and  7  active  members  and  1  associate  member 
were  dropped  from  the  rolls. 

The  record  of  death  is  as  follows : 

Emile  Geyelin,  Active  Member,  died  June  25,  1900. 
J.  Simpson  Africa,  Active  Member,  died  August  8,  1900. 
Thos.  P.  Lonsdale,  Active  Member,  died  November  9,  1900. 
James  S.  Doran,  Active  Member,  died  December  17,  1900. 

.  The  membership  of  the  Club  on  December  31,  1900,  as  compared  with  the  previ- 
ous year,  was  as  follows : 


1899. 

1900. 

Clou. 

Resident. 

Non-Resident. 

Total. 

Resident. 

Non-Resident. 

Total. 

Honorary 

Active 

Associate 

Junior 

'.'.'.         283 

19 
12 

1 
115 

1 
5 

1 

398 

20 

17 

1 

280 

18 

15 

1 

121 

1 

4 

2 

401 

19 

19 

314  122  436  314  127  441 
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Eight  hundred  and  eighty-three  books  were  labeled  and  entered  on  the  card  index. 
The  filing-case  installed  in  the  reading  room  has  been  a  great  convenience.  Forty- 
seven  volumes  of  transactions  and  journals  have  been  bound,  but  this  work  has  been 
delayed  by  the  difficulty  of  securing  missing  numbers. 

The  following  papers  have  been  presented : 

January  6th.— Biographical  Sketches  of  the  Professional  Careers  of  William 
Hasell  Wilson  and  Herman  Haupt.     William  B.  Wilson. 

January  20th.— Address  of  Retiring  President  Esthetics  and  the  American 
Engineer.     Francis  Schumann. 

February  3d. — The  Utilization  of  Bacteria  and  Bacteriologic  Methods  in 
Modern  Sanitary  Engineering.     A.  C.  Abbott 

February  17th.—  Informal  Talk  on  Tree  Trunks  as  Bench-Marks.  Henry 
Leffmann. 

March  3d. — The  Canadian  Pacific  Railway  from  Laggan  to  Revelstoke,  British 
Columbia.     William  S.  Vaux,  Jr. 

March  17th.— The  General  Chemical  Aspects  of  the  Corrosion  of  Structural 
Metals  and  the  Principles  involved  in  their  Protection.  A.  H.  Sabin,  New 
York. 

April  7th. — The  Drainage  and  Protection  of  the  Philadelphia  Lowlands.  Har- 
rison Bonder. 

April  21st.— Coal-tar  and  Coal-tar  Products.  Henry  Leffmann.  Informal 
Talk  on  the  Recent  Failure  of  the  Austin  Dam.    H.  M.  Chance. 

May  5th.— Modern  Methods  of  Manufacturing  Illuminating  Gas  ;  with  a  De- 
scription of  its  Distribution  under  High  Pressure.     Frederick  H.  Shelton. 

May  19th.— The  Bacterial  Treatment  of  Sewage  in  England.    William  Easby. 

June  2d. — Pumping  Engines  of  the  Philadelphia  Waterworks.  Henry  G. 
Morris. 

September  15th.— The  Water-jet  as  an  Aid  to  Engineering  Construction.  L. 
Y.  Schermerhorn. 

October  6th. — Transmission  of  Gas  and  Air  through  Pipes,  and  the  Transmis- 
sfon  of  Power  by  Compressed  Air.     Frederick  W.  Gordon. 

October  20th.— The  Strength  of  the  Ideal  Column  and  its  Relation  to  the  Safe 
Load  on  a  Practical  Column  ;  Some  New  Formulas  and  their  Comparison  with 
Older  Ones.     Carl  G.  Barth. 

November  3d. — Topical  Discussion  on  American  Isthmian  Canals.  James 
Christie,  Edwin  F.  Smith,  and  L.  Y.  Schermerhorn. 

November  17th.— Pennsylvania  Forests  and  What  is  Necessary  to  their  Re- 
storation.    J.  T.  Rothrock. 

December  1st.— High-speed  Toothed  Gearing.  James  Christie.  Interchange- 
able Gearing.     Wilfred  Lewis. 

December  15th. — Celebration  of  the  Twenty-third  Anniversary  of  the  Founda- 
tion of  the  Club,  held  at  New  Century  Drawing  Room.  A  Brief  History  of  the 
Club.     Edgar  Marburg.     Popular  Features  of  the  Paris  Exposition.     Carl  Hering. 
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Four  numbers  of  the  Proceedings  were  issued,  comprising  Yolume  xvn.  An 
exact  statement  of  the  cost  of  publication  can  not  be  made,  as  some  items  belong  in 
part  to  other  volumes  and  other  accounts,  but  the  following  is  a  close  approxima- 
tion : 

Printing $556  73 

Copyright  and  office  expenses 40  94 

Wrappers  and  stationery 16  00 

Illustrations ; 148  18 

Reprints 15  25 

Reporting  discussions 103  90  $881  00 

Net  earnings  for  advertisements,  all  of  which  will  be  paid..  356  00 

Sales  of  volume  xvu   20  00    376  00 

Net  cost $505  00 

Additional  sales  of  numbers  of  Proceedings  issued  prior  to 

1900 $68  80 

Expenditures  fob  1899  and  1900. 

1899.  1900. 

House $2872  96  $2876  76 

Proceedings 1352  85  1131  17 

Library 74  79  516  32 

Information 99  68  104  70 

Office 577  70  497  37 

Salaries 1073  89  1080  00 

$6051   87'  $6206  32 

In  these  statements  the  gross  expenditures  are  shown,  but  for  a  proper  expres- 
sion of  the  actual  outlay  for  1900,  receipts  should  be  deducted  as  follows : 

House $  57  48,  leaving  net  expenses  $2819  28 

Publication 598  30,       "        "  "  532  87 

In  the  library  account,  the  expenses  for  reference  library  and  filing-case  incurred 
during  1899,  are  included  ;  also  $76.00  subscriptions  to  reference  library.  The  de- 
ductions for  these  items  are  $461.35,  leaving  net  outlay  for  1900,  $54.97,  to  which 
should  be  added  bills  payable  $48.75,  making  a  total  of  $103.72. 

Assets  and  Liabilities,  December  31,  1900. 

Assets. 
Furniture  and  fixtures,  as  per  appraisement  February  17, 1900  .  .$1707  60 

Furniture  added  during  1900 50  00 

Library,  as  per  appraisement  December  31,  1900 2100  00 

Total  furniture  and  library $3857  60 

U.  S.  Bond,  issue  of  1898  (par  $500),  market  value    550  00 

On  deposit,  bearing  interest  at  three  per  cent 500  00 

"        "  "  "        "  two  "        (less  dues  for  1901,  $527.59)        55  76 

$4963  36 
Liabilities. 
Unpaid  bills  (House,  $2.00;  Library,  $48.75) $50  75 

Excess  of  assets  over  liabilities $4912  61 

Respectfully  submitted, 

EDGAB  Mabburg,  President. 
L.  F.  Ron  din  ell  A,  Secretary. 
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Report  of  the  Tbeasubeb  fob  the  Fiscal  Year  1900. 


RtoeipU. 

Initiation  fees  (33) $1 65  00 

1890dues 155  00 

1900  dues 4462  50 

1901  dues 527  69 


Proceedings       (advertise- 
ment*)         509  50 

Proceedings  (sales)  .....       88  80 


-$5310  09 


698  30 

Interest  on  deposits 31  64 

Interest  on  investment 15  00 

Keys(sold) 4  75 

Slides(sold) 3  45 

Telephone 4  95 

Billiards 49  08 

Library 76  00 


Total  receipts $6093  26 

Cash  balance,  Dec.  31,  1899 1196  41 


Expenditure*. 
Salaries: 

Secretary $240  00 

Treasurer 60  00 

Clerk 780  00 

Janitor 547  50 


■41627  50 


House: 

Rent $1100  00 

Coal 106  50 

Gas 69  30 

Tee 27  65 

Supplies  and  repairs  .     227  43 

Telephone 124  08 

$1654  96 

Office  expenses 487  37 

Proceedings 1131 17 

Information  committee 75  95 

Library 516  32 

Luncheons 637  10 

Billiards 8  45 

Dues  refunded  (1900) 10  00 

Anniversary  committee 57  50 


Total  disbursements $6206  32 

CA8H  BALANCE,  DEC.  81, 1900,  108$  85 


$728*  67  $7289  67 

Respectfully  submitted, 

Geo.  T.  Gwilliam,  Trecmrtr. 


We  have  examined  the  books  aud  accounts  of  the  Treasurer,  compared  them 
with  the  original  vouchers,  checks,  and  bank-book,  and  find  them  to  correspond 
with  the  Treasurer's  statement  submitted  above. 

W.  P.  Dallbtt,  \ 

H.  W.  Spangleb,  [j4n<Kfor». 

Rich'd  L.  Humphrey,  J 
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Editors  of  other  technical  journal*  are  inrited  to  reprint  articles 
from  this  journal,  prorided  due  credit  be  given  the  Pbockkdixgb. 

PROCEEDINGS 

OP 

The  Engineers'  Club 

OF   PHILADELPHIA. 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  9,  1892. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  publications. 

VoL  XVHL  APRIL,  J90J.  No.  2* 


PENNSYLVANIA  FORESTS  AND  WHAT  IS  NECESSARY  TO  THEIR 

RESTORATION. 

JOSEPH  T.   ROTHROCK. 

Read  November  17, 1900. 

Forestry  is  a  business;  Sentiment  has  in  it  properly  but  a  sec- 
ondary place.  If  it  can  not  be  made  to  pay,  it  is  too  costly  to  be 
indulged  in  as  a  luxury ;  but,  looked  at  from  this  standpoint,  we  often 
make  the  mistake  of  supposing  that  timber  is  the  only  product  of  for- 
estry and  the  only  element  which  enters  into  the  decision  of  the  ques- 
tion as  to  whether  or  not  forestry  pays.  The  forestry  interest  has  its 
by-products,  and  these  are  often  more  important,  in  their  bearing  upon 
our  industries,  than  the  chief  product.  I  propose  to  consider  the  sub- 
ject under  the  following  heads : 

First,  forests  as  they  were  in  Pennsylvania. 

Second,  forests  as  they  are  in  Pennsylvania. 

Third,  forests  as  they  ought  to  be  in  Pennsylvania. 

Fourth,  what  is  necessary  to  bring  about  the  desired  condition  of 
our  Pennsylvania  forests. 

Pennsylvania  originally  was  one  of  the  best-timbered  States  along 

the  Atlantic  seaboard.    So  far  as  I  am  informed,  there  were  but  few 

areas  of  any  size  upon  which  a  dense  growth  of  timber  did  not  exist. 

Here  and  there  a  beaver  dam  can  still  be  found,  or,  at  least,  its 
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remain 8  traced.     Occasionally  an  extensive  bog  existed,  which  may 
have  owed  its  origin  to  an  old  or  recent  cause.     In  the  event  of  its 
being  recently  formed,  it  was  bare  of  trees.     If  of  earlier  origin,  as  in 
the  case  of  the  Tamarack  swamp  in  Clinton  County,  it  was  covered 
with  trees,  which  were  usually  of  a  northern  type.     But,  considered 
as  a  whole,  Pennsylvania  was  a  forested  area;  there  were  but  few  bar- 
rens or  prairies,  and  if  any  existed,  they  were  of  small  area.  But  very 
few  of  our  most  important  trees  were  distinctly  localized.     Most  of 
them  to  a  greater  or  less  extent  were  found  in  almost  every  portion 
of  the  State.     But,  on  the  other  hand,  there  were  several  regions 
which  were  specially  characterized  by  the  size  and  abundance  of  par- 
ticular species.     For  example,  we  may  say  that  the  most  striking  fea- 
tures of  the  forests  in  the  southeastern  part  of  the  State  were  the  white 
oak,  the  hickories,  the  chestnut,  the  black  walnut,  the  tulip  poplar, 
and  the  swamp  maple. 

These  gave  the  earliest  and  most  lasting  impression  to  an  observer. 
Associated  with  them,  but  less  prominent,  were  various  other  species 
— the  beech,  the  black  and  scarlet  oaks,  and  the  yellow  pine.  Even 
the  white  pine,  which  was  found  in  its  greatest  abundance  in  the  cen- 
tral, mountainous  portions  of  the  State,  occurred  in  a  sporadic  manner 
in  the  southeastern  portion.  The  sugar  maple,  the  beech,  the  black 
and  yellow  birch,  which  are  now  found  most  abundantly  in  the  north- 
ern and  central  counties  of  the  Commonwealth,  were  nevertheless  also 
represented  in  the  southeastern  portion.  On  the  other  hand,  taking 
the  higher  central  axis  of  the  Commonwealth,  which  cuts  diagonally 
across  the  State,  the  prevailing  trees  were  white  pine  and  hemlock; 
the  latter  being  more  common  in  the  northeastern  half  of  the  higher 
portion  of  the  State,  while  the  white  pine,  though  not  wholly  excluded 
from  the  northeastern  portion,  constituted  the  chief  source  of  forest 
wealth  in  Lycoming,  Tioga,  Potter,  McKean,  Warren,  Forest,  Elk, 
Cameron,  Clearfield,  Jefferson,  Indiana,  Cambria,  and  Somerset  Coun- 
ties. The  whole  of  this  belt  was  practically  one  of  high  ground ;  and 
in  spite  of  the  erosion  which  has  occurred,  it  is  along  this  belt  that 
the  culminating  points  of  the  State  are  still  found.  The  Elk  Moun- 
tains of  Susquehanna  County,  it  is  said,  rose  above  the  glacial  mass. 
Ganoga  Lake  is  about  2200  feet  above  tide,  and  in  Somerset  County, 
according  to  a  recent  survey,  an  altitude  of  nearly  3000  feet  is  found. 
Associated  with  the  white  pine  and  hemlock  were  the  black  and  yellow 
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birch,  the  beech  and  sugar  maple;  and  these  gave,  it  may  be  said,  a 
sort  of  secondary  character  to  the  forest.  Id  regions  where  the  while 
pine  or  the  hemlock  did  not  predominate,  and  where  the  ground  was 
rocky  and  steep, — for  example,  on  the  dryer  ridges, — the  rock  oak, 
locust,  pitch  pine,  and  chestnut  prevailed.  Once,  however,  the  Alle- 
gheny River  was  passed,  it  was  noted  that  the  oaks  predominated  and 
the  cone-bearing  trees  correspondingly  decreased.  There  were  in  the 
southwestern  portion  of  the  State  a  few  characteristic  trees  of  the 
lower  Ohio  valley.  The  coffee  tree,  the  Carolina  poplar,  the  cucum- 
ber tree,  and  the  honey  locust  were  representatives  of  that  group. 

It  is  hard  to  estimate  even  approximately  the  quantity  of  timber 
which  originally  stood  in  the  Pennsylvania  forests.  It  would  not, 
however,  be  excessive  if  I  were  to  say  that  the  hard  woods  averaged 
from  2500  to  3000  feet  board  measure  per  acre.  The  hemlock,  in 
its  region  of  best  growth,  would  vary  between  5000  and  30,000  feet 
to  the  acre,  and  the  white  pine  often  surpassed  the  hemlock.  It  is 
more  than  likely  that  we  to-day  underestimate  the  maximum  size  of 
the  trees  which  were  found  in  our  forests  at  that  time.  A  diameter 
of  six  feet  at  four  feet  above  the  base  for  white  oak  and  white  pine 
was  probably  not  unusual.  The  chestnut  attained  to  even  a  greater 
diameter,  and  hemlocks  of  five  feet  in  diameter  were  by  no  means 
rare.  Such  was  probably  the  condition  of  the  Pennsylvania  forests 
as  seen  by  the  earliest  settlers.  Two  causes  have  been  at  work  in 
their  removal:  First,  the  necessity  for  clearing  the  ground  to  open 
up  farms ;  and,  second,  the  lumt>ering  industry.  It  is  safe  to  say  that 
the  most  prosperous  period  of  the  lumbering  industry  and  also  the 
most  depressed  period  have  been  within  the  memory  of  men  still  liv- 
ing. It  is  just  one  hundred  and  eight  years  since  the  first  saw-mill 
was  built  in  Lycoming  County.  And  it  may  truthfully  be  said  that 
this  was  the  beginning  of  the  end  of  our  Pennsylvania  forest.  The 
task  to  which  the  various  lumbermen  of  the  period  addressed  them- 
selves with  an  activity  that  had  been  previously  unexampled  was  sup- 
plying, from  Pennsylvania,  the  largest  market  which  they  could  find 
for  their  lumber.  If  the  most  conservative  methods  of  removing  the 
timber  had  been  followed,  it  would  still  have  been  merely  a  question 
of  time  before  the  present  scarcity  of  timber  in  this  State  would  have 
been  reached,  from  the  simple  reason  that  no  one  dreamed  of  the  pos- 
sibility or  necessity  of  forest  restoration.     Men  did   not  know,  and 
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would  not  have  cared  if  they  had  known,  that  they  were  removing 
timber  faster  then  it  was  being  produced.  But  in  addition  to  these 
excessive  drains  upon  our  forests,  fires  were  allowed  annually  to  do 
their  worst  over  the  whole  of  the  area  from  which  the  lumber  had 
been  cut.  Men  neither  noted  nor  heeded  the  fact  that  all  of  the  second 
growth,  nature's  spontaneous  offering,  by  means  of  which  the  forests 
would  have  been  restored  in  time,  was  so  completely  destroyed.  In 
most  instances  it  was  so  badly  injured  that  its  maturity  was  indefin- 
itely postponed  and  its  value  seriously  impaired. 
We  may  now  consider  our  second  head  : 

Forests  as  They  Abe  in  Pennsylvania. 
I  do  not  know  that  I  can  make  a  more  pointed  statement  of  the 
actual  condition  of  our  forests  than  to  say  the  white  pine  has  always 
been  regarded  as  the  most  desirable  lumber  in  our  Pennsylvania 
forests,  and  that  hemlock  never  became  a  lumber  of  recognized  value 
until  white  pine  became  scarce.  In  1875  there  reached  Williamsport 
190,783,220  feet  of  pine  and  hardwood.  That  same  year  there 
reached  Williamsport  19,963,736  feet  of  hemlock.  In  1894  there 
reached  Williamsport  8,928,204  feet  of  pine  and  hardwood.  The 
same  year  there  reached  Williamsport  30,739,404  feet  of  hemlock. 
In  other  words,  in  1875  the  pine  and  hardwood  reaching  Williams- 
port was  about  nine  and  a  half  times  as  great  as  the  quantity  of  hem- 
lock. But  in  1894  the  quantity  of  hemlock  reaching  Williamsport 
was  about  three  and  a  half  times  as  great  as  the  quantity  of  pine  and 
hardwood.  In  the  early  history  of  Cincinnati,  Pennsylvania  sent 
white  pine  there  to  enter  into  the  construction  of  buildings.  In  1900 
Pennsylvania  brings  white  pine  from  Michigan  and  Minnesota  for 
her  own  use.  In  1855  the  white  pine  forest  of  Pennsylvania,  extend- 
ing over  the  counties  of  Lycoming,  Tioga,  Potter,  McKean,  Warren, 
Forest,  Jeffersop,  Clearfield,  and  Somerset,  was  reckoned  as  inex- 
haustible. But  to-day  in  those  same  regions  they  are  roofing  their 
houses  with  shingles  from  Oregon  and  weatherboarding  them  with 
poplar  siding  from  Tennessee.  It  is  doubtful  whether  one  of  our  old- 
time  frigates  or  a  Cope-liner  could  now  be  built  from  timber  found  in 
this  State  within  a  radius  of  thirty  miles  from  the  city  of  Phila- 
delphia. Mature  black  walnut  is  to-day  almost  exterminated  in  the 
eastern  half  of  the  State.    Our  railroads  in  this  State,  after  exhausting 
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the  white  oak  and  rock  oak,  were  constrained,  many  of  them,  to  use 
chestnut  for  cross-ties.  Now  they  are  bringing  in  for  this  purpose 
yellow  pine  from  the  Southern  States.  The  smaller  tanneries  of  the 
State  have  been  obliged  to  suspend  operations  because  of  the  pressure 
from  the  great  tanning  trusts;  and  one  after  another  the  plants  of 
these  trusts  themselves  are  now  being  abandoned  from  lack  of  bark  to 
operate  upon ;  as,  for  example,  Ledgedale  and  Proctor ;  and  it  is  but 
a  question  of  a  few  years  before  the  majority  of  them  will  be  obliged 
to  suspend  operations  or  seek  their  supplies  in  some  other  region.  Of 
the  vast  body  of  white  pine  which  existed  in  this  State  in  1860,  but 
two  areas  of  considerable  size  now  remain.  I  believe  I  will  be  justi- 
fied in  saying  that  all  of  the  really  good  white  pine  in  Pennsylvania 
could  easily  be  reduced  to  lumber  by  two  of  our  largest  mills  within 
a  single  year.  There  are  regions,  notably  along  Kettle  Creek,  where 
considerable  bodies  of  mature  hemlock  can  still  be  found.  In  spite, 
however,  of  the  apparently  large  body  of  timber,  no  one  who  is  con- 
versant with  the  facts  will  be  deceived;  because  what  remains  to  be 
exterminated  is  but  a  fraction  of  what  has  already  been  destroyed. 
It  may  seem  strange  to  you,  gentlemen  of  The  Engineers'  Club,  that 
I  should  deal  in  these  general  statements,  instead  of  in  figures.  But 
I  do  so  designedly.  After  more  than  twenty  years'  experience  in  the 
forestry  work,  I  have  reached  at  last  a  profound  distrust  of  timber 
statistics  as  they  have  been  presented.  I  have  seen  thousauds  of  acres 
in  this  State  pass  through  the  successive  stages  of  lumbering.  First 
the  white  pine,  then  the  hemlock,  then  the  mine-prop  timber,  then  the 
wood  acid  factory  and  pulp  mill,  and  lastly  the  stage  of  tanning  ex- 
tract. I  have  seen  regions  containing  yellow  pine  of  but  2000  feet 
to  the  acre,  which  had  been  rejected  as  worthless  by  those  who  had 
previously  removed  the  white  pine  and  the  hemlock,  come  to  be  re- 
garded as  heavily  timbered,  and  so  offered  in  the  market.  Gentlemen, 
there  is  but  one  conclusion  to  draw  from  these  statements ;  to  me  they 
are  far  more  significant  than  columns  of  figures.  And  I  have  a  profound 
distrust  of  the  statements  recently  made  that  there  still  exists  in  this 
State  34  per  cent,  of  our  area  which  is  in  mature  or  growing  timber. 
I  believe  that  there  is  not  20  per  cent,  of  the  area  of  this  State  now 
covered  with  timber  which  has  now,  or  ever  will  have,  commercial 
value.     It  is  very  easy  to  see  how  one  may  be  misled  upon  this  ques- 
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lion,  by  considering  as  timber  that  which  ought  to  be  classed  as 
simply  brush.     And  this  brings  me  to  the  third  head  : 

Forests  as  They  Ought  to  be  in  Pennsylvania. 
The  function  of  every  acre  in  this  State  is  to  produce  its  best  crop. 
What  that  best  crop  shall  be  depends  very  largely  upon  market  condi- 
tions. Much  of  the  ground  which  is  now  cultivated  does  not  pay  the 
farmer  for  his  labor  when  wheat  is  at  sixty  cents  a  bushel,  though  it 
might  have  been  deemed  satisfactory  agricultural  land  when  wheat 
could  be  sold  for  a  dollar  or  more  a  bushel.  Under  existing  condi- 
tions it  would  be  worth  more  to  the  owner  with  the  original  forest 
remaining  upon.it.  But,  unfortunately,  one  is  unable  to  predict  how 
long  the  relative  values  of  wheat  and  lumber  will  remain  as  they  now 
are.  On  the  other  hand,  it  is  entirely  safe  to  say,  if  we  leave  the 
owner  out  of  the  question  and  consider  only  the  public  interest,  what 
lands  should  be  maintained  in  timber;  because  there  are  so  many 
other  interests  than  those  of  agriculture  and  lumbering  to  be  consid- 
ered. There  are  slopes  so  steep  that  they  should  be  maintained  per- 
petually in  timber,  without  regard  to  the  agricultural  interests.  There 
are  drainage  areas  which,  from  their  water-collecting  power,  should 
be  kept  in  a  forested  condition  in  order  to  supply  our  cities  and  towns. 
There  are  outing  grounds  for  our  citizens  which  should  be  maintained 
as  such  in  the  interest  of  public  health.  There  are  mountain  districts, 
now  almost  valueless,  which,  as  water-power  comes  to  be  more  highly 
appreciated,  will  become  manufacturing  centers,  and  where  this  water- 
power  can  be  maintained  in  even  flow  only  by  retaining  the  forests 
about  the  head-waters  of  the  streams.  There  are  vast  districts  so  poor 
by  nature  and  so  impoverished  by  frequent  fire  that  nothing  but  State 
control  can  render  them  capable,  under  existing  laws,  of  producing 
anything  but  timber.  All  these  facts  have  to  be  considered.  And  I 
am  quite  sure  that  when  we  come  to  consider  all  these  elements  of  the 
problem  we  would  be  justified  in  the  statement  that  at  least  one-sixth 
of  the  area  of  this  State  should  be  given  over  to  forests.  There  is 
another  element  of  the  problem  which  I  have  hesitated  to  allude  to: 
I  mean  the  question  of  pure  air.  It  is  a  perfectly  well-known  fact 
that  the  greatest  oxygen  producer  of  which  we  have  any  knowledge  is 
the  forest.  The  tendency  of  animal  life,  of  manufacturing  establish- 
ments, and  of  many  other  things,  is  to  render  the  atmosphere  impure; 
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but  in  spite  of  these  known  facts  one  may  well  halt  before  assuming 
that  this  should  be  made  an  argument  in  favor  of  forest  maintenance. 
When,  however,  so  distinguished  an  authority  as  Lord  Kelvin  raises 
the  question  as  to  whether  we  are  not  permanently  injuring  the  atmos- 
phere, one  must  give  the  problem  a  measure  of  attention.  There  is 
another  feature  to  which  I  cannot  close  ray  eyes.  My  recollection 
extends  back  almost  half  a  century.  During  all  this  time  I  have  had 
in  a  greater  or  less  degree  the  condition  of  agriculture  brought  to  my 
notice.  I  will  not  here  raise  the  question  of  rainfall,  or  the  rate  of 
run-off  from  our  streams.  But  I  cannot  remember  in  ray  earlier  life 
a  period  when  for  several  successive  years  our  autumn  crops  have  been 
so  seriously  endangered  as  recently  by  a  prolonged  drought  at  the  time 
when  moisture  was  most  needed.  The  thought  of  irrigation  as  a  measure 
of  safety  for  our  crops  never  entered  the  minds  of  our  farmers  twenty 
years  ago.  It  is  now  agitated  more  and  more  with  each  recurring 
season.  As  I  travel  through  the  State  and  note  the  low  condition  of 
our  streams,  I  find  that  the  areas  which  should  be  covered  with  water, 
and  be  therefore  evaporating  areas,  are  seriously  reduced  during  the 
late  summer  and  autumn.  All  additional  dryness  of  the  atmosphere 
must  be  compensated  for  if  possible  from  some  source;  and  from 
every  foot  of  open  ground,  the  ground  upon  which  our  crops  are 
raised,  the  thirsty  atmosphere  vaporizes  and  carries  off  the  water.  I 
do  not  believe  that  this  phase  of  the  problem  has  ever  received  the 
attention  which  it  merits.  I  am  convinced  that  unless  by  some  means 
the  even  flow  of  water  in  our  streams  is  maintained,  our  agricultural 
interests  will  be  seriously  injured.  And  I  need  not  remind  you  that 
of  all  the  helpful  forces  which  we  can  control  to  accomplish  this,  there 
is  nothing  so  potent  as  a  proper  proportion  of  forest  land.  These, 
however,  are  some  of  the  side  issues  of  this  problem. 

I  think  I  may  safely  assume  that  this  audience  recognizes  the  im- 
portance of  the  necessity  for  forest  restoration.  The  remaining  ques- 
tion is,  What  is  necessary  to  bring  about  the  desired  condition? 

First  of  all,  we  may  assume  that  it  could  be  brought  about ;  that 
there  is  no  inherent  impossibility  in  it,  and  that  the  work  could  be 
made  to  pay  the  State,  and,  apropos  of  this  remark,  allow  me  here  to 
introduce  a  quotation  from  "  Some  Business  Problems  of  American 
Forestry/'  by  Dr.  Schenck,  page  25.  What  follows,  relates  to  the 
State  of  Pennsylvania : 
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"  Premises: — The  State  of  Pennsylvania  decides  to  engage  in  State 
forestry,  and  to  that  end  takes  up  a  loan  of  $1,450,000,  at  4  per  cent., 
which  is  to  be  used  as  follows : 

"$1,000,000,  for  purchase  of  1,000,000  acres  at  the  head-waters  of 
the  rivers;  $50,000  for  lawyer's  fees,  surveys,  demarcation,  etc.; 
$150,000  for  roads,  etc.;  $250,000  for  defraying  the  annual  salaries 
of  superintendents  and  rangers. 

"  After  the  road  system  is  developed,  twelve  years  from  to-day,  an 
annual  revenue  of  10  cents  per  acre  per  annum  will  be  derived,  under 
conservative  management,  and  it  is  expected  that  this  revenue  will 
gradually  increase  at  the  rate  of  3  per  cent,  per  annum. 

"  Question :  (a)  Within  how  many  years  will  the  forest  itself  be 
able  to  redeem  the  loan  ? 

"  (6)  What  is  the  forest  worth  after  the  loan  is  redeemed  ? 

"Result:  (a)  The  loan  can  be  entirely  redeemed  within  forty-three 
years  after  the  twelfth  year,  or  within  fifty-five  years  from  to-day. 

"  (6)  The  forest,  freed  from  all  incumbrances  after  fifty-five  years, 
and  producing  annually  $356,000,  with  prospect  of  an  annual  increase 
of  reveuue  equaling  3  per  cent.,  is  worth  about  $35,600,000." 

If  the  people  are  ready  to  spend  $58,000  for  twelve  years,  they  will 
gradually  build  up  a  valuable  forest. 

As  a  statement,  this  is  very  encouraging.  But  practically  the  thing 
cannot  be  done  in  Pennsylvania,  because  there  are  constitutional 
reasons  against  the  proposed  loan,  and  these  can  not:  be  set  aside.  Fortu- 
nately indeed  for  this  State,  the  same  results  can  be  accomplished  just 
as  certainly,  and  almost  as  speedily,  without  a  loan  ;  and  with  the  aid 
of  very  little  legislation.  The  truth  has  so  often  been  stated  that  I 
hesitate  to  reiterate  it  here  now.  The  one  obstacle,  in  fact,  the  only 
obstacle,  to  a  spontaneous  restoration  of  our  forests  in  this  State  is  the 
prevalence  of  forest  fires.  There  are  some  truths  so  familiar  that  their 
re-statement  becomes  nauseating,  both  to  speaker  and  hearers;  but, 
like  the  truths  of  the  gospel,  they  must  be  repeated ;  and  for  the  hun- 
dredth time  in  this  city  I  again  affirm  that  if  the  timberless,  rocky 
highlands  of  the  State  be  effectually  protected  against  fire,  in  thirty 
years  the  forestry  problem  in  this  State  would  be  solved.  And  in  this 
connection  allow  me  to  say  that  very  little  additional  legislation  is 
necessary  for  the  accomplishment  of  the  desired  results. 

In  spite  of  all  the  objection  that  has  been  made  to  the  existing  fire 
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laws  of  the  State,  the  fact  is  that  wherever  they  have  been  fairly  en- 
forced they  have  done  their  work.  And  I  make  the  statement  here  to- 
day, without  fear  of  successful  contradiction,  that  the  parties  who  are 
responsible  for  much  of  the  lass  of  property  by  annual  forest  fires  are 
the  county  officials,  who  have  failed  to  use  judiciously  the  legal  reme- 
dies which  the  law  has  provided.  The  chief  objections  to  the  existing 
laws  are  that  they  are  new,  that  their  execution  requires  some  work 
and  involves  some  expense  (which  the  State  shares),  and  that  the  offi- 
cials who  enforced  them  may  lose  some  votes.  Our  public-school  sys- 
tem was  condemned  when  it  wa§  new.  Nothing  good  or  desirable  can 
be  had  without  expense ;  and  the  official  who  refuses  the  duty  which 
he  has  sworn  to  perform  is  unworthy  of  any  office.  If  these  laws  are 
bad,  enforce  them.  It  is  the  surest  way  to  repeal  them.  If  they  are 
good,  enforce  them.     It  is  the  surest  way  to  find  their  value. 

There  are  counties  in  this  State  where  the  destruction  of  timber 
property  aggregates  thousands  of  dollars  a  year,  where  annual  forest 
fires  are  cursing  the  county  with  an  ever-increasing  barrenness,  and 
where,  in  the  same  counties,  the  officials  refuse  to  pay  the  constables 
well-earned  fees  for  suppression  of  forest  fires,  or  refuse  to  appropriate 
a  penny  of  money  to  bring  to  justice  those  who  have  robbed  their  con- 
stituents of  property  which  the  county  demanded  and  received  money 
for  protecting.  No  language  can  be  too  strong  to  depict  the  injustice, 
the  illegality,  and  the  criminality  of  such  a  policy.  In  the  year  1899 
sixty-eight  fires  were  reported  to  this  office,  to  the  Commissioner  of 
Forestry,  and  the  causes  definitely  stated.  In  forty-seven  instances 
the  fire  originated  with  farmers  who  were  burning  brush,  and  there 
were  twenty-one  cases  from  all  other  causes.  It  is  absurd  to  say  that 
those  who  created  the  great  majority  of  these  fires  could  not  have  been 
apprehended  and  punished.  For  in  most  instances  the  cause  and 
point  of  origin  were  widely  known  to  the  community.  Some  of  the 
instances  were  notorious,  and  awakened  public  condemnation.  And 
yet  I  know  of  but  a  single  instance  where  in  that  year  an  offender  was 
brought  to  justice.  Is  it  any  marvel  that  ignorant  or  vicious  or  care- 
less people  year  after  year  prevent  the  restoration  of  timber  in  this 
State?  Is  it  any  wonder  that  public-spirited  citizens  decline  to  plant 
trees  which  they  know  will  be  destroyed  ? 

This  state  of  affairs  is  about  as  bad  as  it  well  could  be.  So  far  as 
I  know,  there  is  but  one  thing  which  could  be  worse;  and  that  is  to 
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allow  it  to  continue  when  it  can  be  so  easily  prevented.  I  believe 
that  any  honest,  intelligent  official  of  this  State,  who  is  charged  with 
the  duty  of  attending  to  it,  in  five  years  could  break  up  the  whole  of 
this  system  of  spring  and  autumn  forest  fires;  provided  he  were 
allowed,  by  appropriation,  a  sufficient  sum  to  employ  ten  honest, 
determined,  capable  detectives,  and  the  means  to  employ  proper  legal 
talent  when  the  criminals  were  arraigned.  It  is  the  common  custom 
to  charge  mast  of  the  losses  by  forest  fire  upon  the  railroads  of  the 
Commonwealth ;  and  while  it  is  true  that  they  do  create  more  fires 
than  they  ought  to,  and  are  culpably  negligent,  very  often,  as  to  the 
conditions  of  their  locomotives,  they  do  not  cause  the  majority  of  our 
forest  fires.  The  destructive  season  of  1900  fully  confirms  all  that  I 
have  stated  of  1899.  I  have  taken  the  trouble,  individually,  to  trace 
a  considerable  number  of  these  fires  to  their  origins,  and  they  simply 
repeat  the  story  of  the  previous  year.  In  the  sweeping  condemnation 
that  I  have  made  I  desire  here  especially  to  name  three  counties  in 
which  efforts  have  been  sincerely  made  to  bring  the  criminals  to  jus- 
tice, and  in  which  success  has  crowned  the  effort.  I  allude  to  Lycom- 
ing, Perry,  and  Somerset  Counties;  and  I  desire  here  to  express  my 
gratitude  to  the  officials  of  those  counties  for  their  hearty  cooperation. 
In  doing  this,  I  do  not  mean  to  imply  that  all  the  other  counties  of 
the  Commonwealth  have  failed  utterly  to  do  their  work,  for  this 
would  not  be  true.  I  can  simply  say  that  no  others  have  done  it  so 
well  as  the  counties  I  have  named. 

Turning  from  this  aspect  of  the  question,  let  us  for  a  moment  con- 
sider the  State  Forestry  Reservations,  the  work  that  is  supposed  to 
be  accomplished  by  them,  and  how  it  is  hoped  to  do  it.  It  is  safe 
to  assume  that  in  the  near  future  the  State  of  Pennsylvania  will  be  in 
possession  of  300,000  acres  of  land  which  is  either  in  forest  or  will 
become  forest  land.  This,  however,  is  but  a  mere  fragment  of  what 
it  should  possess.  But  it  is  enough  to  induce  the  most  serious  thought 
as  to  what  is  to  be  done  with  it.  In  other  words,  the  State  of  Penn- 
sylvania has  reached  a  time  when  it  must  for  itself  establish  a  well- 
defined  forest  policy.  This  policy  should  be  well  considered  by  capa- 
ble men.  And  when  once  decided  upon,  it  should  not  be  changed 
every  four  years.  It  would  be  as  destructive  to  the  forestry  interest 
to  do  this  as  it  would  of  the  educational  interest  of  the  State  if  a  new 
policy  were  to  be  inaugurated  with  each  new  administration.    Change 
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the  officials  if  you  must,  but  allow  a  well-matured  plan  to  be  worked 
to  a  successful  issue.  I  may  be  allowed  to  say  that  the  officials  who  are 
now  charged  with  this  duty  are  considering,  first,  what  is  absolutely  the 
best  plan ;  and,  second,  what  is  the  most  available  plan  of  commenc- 
ing the  work  of  forest  restoration  upon  the  ground  now  in  possession 
of  the  State.  For  you  must  bear  in  mind  that  the  best  thing  cannot 
always  be  done.  The  Legislature  will  probably  be  asked  to  make 
provision  for  the  maintenance  of  a  reasonable  number  of  forest  rangers, 
who  should  at  the  same  time  that  they  are  protecting  the  ground 
against  intruders,  suppressing  forest  fires,  and  bringing  to  justice  those 
who  create  them,  be  on  the  lookout  for  those  who  are  violating  the 
game,  fish,  and  health  laws,  and  making  special  note  with  regard  to 
the  capabilities  of  the  soil  for  restoration  of  special  kinds  of  timber 
and  the  best  method  of  producing  it.  For  the  present,  the  chief  for- 
estry officer  of  the  State  should  make  it  his  duty  to  be  thoroughly 
familiar  with  all  the  ground  possessed  by  the  State,  and  he  should 
have  authority  to  open  up  and  keep  up  such  fire  lanes  as  in  his  judg- 
ment will  enable  his  employees  most  successfully  to  prevent  the  spread 
of  destructive  fires.  Means  should  be  furnished  also  for  the  creation 
of  local  nurseries  in  the  immediate  vicinity  of  the  points  where  the 
young  trees  are  needed.  In  due  time  it  will  be  necessary  to  remove, 
as  it  matures,  or  for  other  reasons,  timber  which  has  become  market- 
able. And  this  work  should  not  be  done  after  the  destructive  fashion 
of  the  American  wood-chopper.  No  doubt  he  would  be  the  most  effi- 
cient agent  under  proper  direction,  and  this  direction  should  be  pro- 
vided for  him.  There  are  certain  trees  which,  so  to  speak,  should 
have  the  right  of  way,  wherever  conditions  of  soil  are  suitable.  Such, 
for  example,  are  the  white  pine,  the  white  oak,  the  chestnut,  the 
locust,  and,  I  am  now  commencing  to  believe,  the  shell-bark  hickory 
and  the  walnut. 

Two  new  claimants  for  our  favor  are  under  trial  The  Carolina 
poplar  is  a  hardy,  rapid  grower  which  can  be  utilized  in  the  produc- 
tion of  wood  pulp.  I  have  a  firm  faith  in  its  future  over  a  large  por- 
tion of  our  State. 

From  time  to  time  we  have  heard  and  continue  to  hear  the  most  as- 
tounding statements  concerning  the  value  of  the  western  catalpa.  We 
have  a  reasonable  certainty  that  it  can  be  made  to  produce  good  fence- 
posts,  that  it  is  a  rapid  grower,  and  a  hardy  tree.    But  I  am  bound  to 
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confess,  in  spite  of  the  assertions  that  it  will  make  a  good  railroad  tie, 
that  I  do  not  believe  it.  In  every  instance  that  I  have  traced  popular 
rumor  to  its  source,  the  fitness  of  the  western  catalpa  for  railroad  ties 
has  been  rendered  more  and  more  doubtful.  All  rumors  to  the  con- 
trary notwithstanding,  I  do  not  know  a  single  instance  in  which  large 
bodies  of  western  catalpa  have  been  grown  to  a  merchantable  size  or  a 
single  case  in  which  the  mature  western  catalpa  has  had  a  fair  trial  as 
a  railroad  tie.  I  am  perfectly  free  to  confess  that  I  do  not  believe  its 
light  structure  would  ever  successfully  enable  it  to  stand  the  crushing 
weight  of  heavy  railroad  trains,  though  I  do  believe,  so  far  as  mere 
durability  is  concerned,  that  it  lasts  well  in  contact  with  the  soil. 

What  I  have  said  thus  far  refers  especially  to  the  production  of 
timber  on  State  lands.  There  is  another  aspect  of  the  forestry  prob- 
lem which  merits  some  consideration.  I  mean  the  art  of  forestry  as 
related  to  individual  enterprise. 

Naturally,  the  State  holdings  of  land  would  be  on  a  higher  and 
more  barren  portion  of  the  Commonwealth,  where  larger  areas  can  be 
had ;  if,  however,  this  were  the  only  aspect  of  forestry,  it  is  very  clear 
that  a  large  portion  of  the  State  would  be  deprived  of  the  benefits 
growing  out  of  the  immediate  presence  of  considerable  sized  bodies  of 
timber  land.  Our  extreme  eastern  and  extreme  western  portions  of 
the  State,  in  fact,  all  of  the  more  fertile  portions  of  the  Commonwealth, 
have  areas  which  are  unfit  for  agriculture  which  belong  to  private  par- 
ties, and  which  could  most  advantageously  be  placed  in  timber  if 
equitable  conditions  existed.  Before  this  can  be  done,  however,  it  is 
absolutely  indispensable  that  the  State  shall  in  some  way,  either  by 
rebate  of  taxes  or  by  direct  bounty,  place  a  premium  upon  production 
of  timber.  Or,  rather,  it  would  have  been  better  to  have  said  that  it 
make  operative  laws  which  are  already  on  the  statute-books. 

The  Ziba  T.  Moore  law,  approved  May  25,  1897,  reads  as  follows: 

44  AN  ACT 
44  For  the  Preservation  of  Forests  and  Partially  Relieving 

"Forest  Lands  prom  Taxation. 
"Section  1.  Be  it  enacted,  Ac.,  That  in  consideration  of  the  public  benefit 
to  be  derived  from  the  retention  of  forest  or  timber  trees,  the  owner  or  owners  of 
land  in  this  Commonwealth,  having  on  it  forest  or  timber  trees  of  not  less  than 
fifty  trees  to  the  acre,  and  each  of  said  trees  to  measure  at  least  eight  inches  in 
diameter  at  a  height  of  six  feet  above  the  surface  of  the  ground,  with  no  portion 
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of  the  said  land  absolutely  cleared  of  the  said  trees,  shall,  on  making  due  proof 
thereof,  be  entitled  to  receive  annually  from  the  commissioners  of  their  respective 
counties  during  the  period  that  the  said  trees  are  maintained  in  sound  condition 
upon  the  said  land,  a  sum  equal  to  eighty  per  centum  of  all  taxes  assessed  and 
paid  upon  the  said  land,  or  so  much  of  the  said  eighty  per  centum  as  shall  not 
exceed  the  sum  of  forty-five  cents  per  acre :  Provided^  however,  That  no  one 
property  owner  shall  be  entitled  to  receive  said  sum  on  more  than  fifty  acres. 

"Section  2.  All  acts  or  parts  ef  acts  inconsistent  herewith  are  hereby 
repealed." 

This  act,  it  will  be  clearly  noted,  applies  to  mature  and  maturing 
timber.  I  desire  now  to  call  your  attention  to  another  act,  which  was 
approved  the  first  day  of  June,  1887 : 

"AN  ACT 

"For  the  Encouragement  of  Forest  Culture,  and  Providing 

"  Penalties  for  the  Injury  and  Destruction  of  Forests. 

"Section  1.  Be  it  enacted,  &c,  That  in  consideration  of  the  public  benefit 
to  be  derived  from  the  planting  and  cultivation  of  forest  or  timber  trees,  the 
owner  or  owners  of  any  land  in  this  Commonwealth  planted  with  forest  or  timber 
trees  in  number  not  less  than  twelve  hundred  to  the  acre,  shall,  on  making  due 
proof  thereof,  be  entitled  to  receive  annually  from  the  commissioners  of  their 
respective  counties,  during  the  period  that  the  said  trees  are  maintained  in  sound 
condition  upon  the  said  land,  the  following  sums  of  money : 

"  For  the  period  of  ten  years  after  the  land  has  been  so  planted  a  sum  equal 
to  ninety  per  centum  of  all  the  taxes  annually  assessed  and  paid  upon  the  said 
land,  or  so  much  of  the  ninety  per  centum  as  shall  not  exceed  the  sum  of  forty- 
five  cents  per  acre. 

"For  a  second  period  of  ten  years,  a  sum  equal  to  eighty  per  centum  of  the 
said  taxes,  or  so  much  of  the  eighty  per  centum  as  shall  not  exceed  the  sum  of 
forty  cents  per  acre. 

"  For  the  third  and  final  period  of  ten  years,  a  sum  equal  to  fifty  per  centum 
of  the  said  taxes,  or  so  much  of  the  said  fifty  per  centum  as  shall  not  exceed  the 
sum  of  twenty-five  cents  per  acre. 

"  Provided^  That  it  shall  be  lawful  for  the  owner  or  owners  of  the  said  land, 
after  the  same  has  been  so  planted  for  at  least  ten  years,  to  thin  out  and  reduce 
the  number  of  trees  growing  thereon  to  not  less  than  six  hundred  to  the  acre,  so 
long  as  no  portion  of  the  said  land  shall  be  absolutely  cleared  of  the  said  trees ; 

"And  provided  oho,  That  the  benefits  of  this  act  shall  not  be  extended  to 
nurserymen  or  others  growing  trees  for  sale  for  future  planting. 

"  Section  2.  The  owner  or  owners  of  forest  or  timber  land  in  this  Common- 
wealth, which  has  been  cleared  of  merchantable  timber,  who  shall,  within  one* 

*  The  law  now  allows  notice  to  the  commissioners  at  any  time.  The  one  year 
limitation  has  been  repealed. 
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year  after  the  said  land  has  been  so  cleared,  have  given  notice  to  the  commission- 
ers of  their  respective  counties  that  the  said  land  is  to  be  maintained  in  timber, 
and  who  shall  maintain  upon  the  said  land  young  forest  or  timber  trees  in  sound 
condition,  in  numbers  at  least  twelve  hundred  to  the  acre,  shall,  on  making  due 
proof  thereof,  be  entitled  to  receive  annually  from  the  commissioners  of  their 
respective  counties  the  sum  of  money  mentioned  in  the  first  section  of  this  act : 
Provided,  That  the  first  period  of  ten  years  shall  be  counted  from  the  time  that 
the  said  land  has  been  cleared  of  merchantable  timber,  and  that,  after  the  said 
first  period  of  ten  years,  the  number  of  trees  upon  the  said  land  may  be  reduced 
as  in  the  first  section  is  provided." 

You  will  readily  perceive  that  these  two  laws  would,  of  themselves, 
be  a  sufficient  inducement  to  many  land-owners  to  either  place  or 
allow  portions  of  their  land  to  remain  in  timber,  if  they  were  enforced. 
Up  to  this  time,  however,  there  has  been  on  the  part  of  many  county 
commissioners  an  attempt  to  evade  the  payment  of  these  tax  rebates. 
I  think,  however,  that  I  am  safe  in  the  statement  that  we  are  now  in 
the  way  of  an  enforcement  of  these  laws.  The  farmers  have  at  length 
come  to  realize  that,  on  the  one  hand,  they  have  the  alternative  of 
paying  taxes  on  land  from  which  they  receive  nothing,  or,  on  the  other 
hand,  of  securing  a  rebate  of  taxes  which  in  ten  years,  on  fifty  acres 
of  land,  would  amount  to  two  hundred  and  twenty-five  dollars;  and 
having  their  timber  still  remaining  to  grow  into  a  greater  value  with 
each  successive  year.  Surely  no  man  of  ordinary  business  prudence 
would  hesitate  long  between  these  alternatives. 

It  must  not  be  assumed  because  the  forestry  movement  has  made 
such  substantial  gains  in  this  State,  in  the  last  few  years,  that  it  has 
an  uninterrupted  progress  before  it.  The  best  that  can  be  said  is,  that 
it  has  grown  sufficiently  large  to  attract  attention  ;  and  this,  as  you 
know,  always  invites  attack.  You  may  be  very  sure,  however,  that 
the  ultimate  issue  is  not  in  doubt.  Sooner  or  later,  and  through 
greater  or  less  tribulation  and  discouragement,  the  State  of  Pennsyl- 
vania will  have  an  established  and  productive  forest  policy,  in  which 
the  citizens  of  this  Commonwealth  will  be  hardly  less  interested  than 
they  are  in  their  public-school  system. 

DISCUSSION. 
John  Birkinbine. — Pennsylvania  has  an  average  rainfall  of  43  inches :  ranging 
from  about  30  inches  in  unusually  dry  years  to  62  inches  in  extraordinarily  wet 
years.     If  we  collect  one-half  of  the  average  annual  rainfall  from  drainage  areas 
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in  the  State,  the  average  daily  supply  would  be  above  one  million  gallons  from 
each  square  mile.  This  one  million  gallons  is  not  the  daily  run-off,  but  repre- 
sents what  is  obtainable  from  one  square  mile  by  impounding  the  water  resulting 
from  rains  in  reservoirs,  and  discharging  this  therefrom  at  a  uniform  rate. 

In  providing  for  a  water-supply  of  from  eighty  to  ninety  million  gallons  a  day 
from  streams  whose  head-waters  are  at  the  crest  of  the  Allegheny  Mountains, 
the  forestal  conditions  have  received  careful  consideration,  and  I  have  had  to 
base  estimates  of  flow  upon  the  presence  or  absence  of  forests.  The  rapid 
denudation  of  the  timber,  encouraging  a  rapid  run-off  from  steep  hillsides,  has 
necessitated  using  as  a  basis  for  determining  storage  capacities  required  a 
minimum  run-off  of  but  60,000  gallons  a  day,  a  square  mile,  while  for  carry- 
ing freshet  water  in  enormous  volumes  the  spillway  areas  were  made  most 
liberal.  In  late  years  engineers  have  been  forced  to  reduce  the  formerly  accepted 
ratings  for  minimum  stream-flow  in  estimating  storage  capacities  and  increase 
the  maximum  controlling  spillway  dimensions  to  care  for  freshet  flow. 

I  do  not  claim,  nor  would  Dr.  Rothroek,  that  forests  make  rain.  We  do,  how- 
ever, believe  that  forests  conserve  rain  by  the  moss  or  forest  floor,  which  holds 
water  as  a  sponge,  and  prevents  it  from  flowing  off  with  great  velocity.  This 
forest  floor  catches  the  fine  particles  of  dirt,  as  in  a  filter.  In  a  wooded  area  you 
have  this  spongy  floor  and  also  protection  from  radiation  ;  therefore,  the  water 
which  falls  upon  it  will  run  off  with  less  rapidity.  If  snow  falls,  it  is  protected, 
and  all  know  that  snow  remains  in  the  woods  longer  than  outside. 

Those  interested  in  the  forestry  movement  have,  for  a  number  of  years, 
endeavored  to  educate  public  sentiment,  and  I  would  be  delighted  to  see  the 
majority  of  the  members  of  The  Engineers'  Club  active  in  the  forestry  move- 
ment Engineers,  as  a  rule,  are  progressive,  and  surely  as  good  citizens  we  can 
look  ahead  and  say  we  want  the  benefit  not  only  for  ourselves,  but  those  who 
come  after  us.  Forest  protection  conserves  a  very  valuable  product  for  construc- 
tion— a  product  which  we  can  form  readily  and  with  which  a  great  many  things 
can  be  cheaply  and  quickly  accomplished.  I  do  not  expect  railroads  will  always 
use  wooden  railroad  ties.  I  have  ridden  over  metal  ties  and  believe  the  time  will 
com*e  when  they  will  be  very  largely  used.  Nor  need  we  go  back  to  wooden 
buildings,  but  there  are  still  thousands  of  uses  for  timber.  Of  all  things  the 
forestry  problem,  as  affecting  our  water-supply,  collecting  areas,  appears  to  me 
the  most  important;  not  simply  from  the  standpoint  of  getting  the  water  col- 
lected and  delivered  without  pumping,  but  from  the  standpoint  which  you  and  I 
must  recognize  is  coming — a  more  liberal  utilization  of  water  proper.  It  was  my 
privilege  some  years  ago  to  address  the  Club  on  water  renaissance,  indicating  that 
water  problems  are  being  studied  and  water-power  improved. 

If  we  did  not  have  to  figure  for  so  low  a  minimum  flow,  if  we  did  not  have  to 
provide  for  such  enormous  maximum  flows,  there  are  a  great  many  works  which 
could  be  simplified. 

We  have  the  maximum  and  minimum  stream -flow  to  contend  with  in  building 
railroads ;  bridges  and  side-cuttings  are  more  expensive ;  buildings  along  the 
rivers  must  be  constructed  to  withstand  freshets,  and  engineers  should  be  in 
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favor  of  any  project  which  will  look  toward  a  restoration  and  the  preservation  of 
onr  forests. 

Dr.  Rothrock  spoke  about  the  farmers.  I  think  often  they  are  their  own 
worst  enemies.  The  farmers  will  say  a  great  deal  about  good  roads,  but  hardly 
one  out  of  twenty  will  lend  his  hand  to  make  a  good  road.  If  you  give  him  a 
good  road,  it  will  not  be  long  before  he  hauls  heavy  loads  over  it  and  cuts  it  when 
soft.  The  farmers  are  at  fault  in  not  taking  care  of  their  properties  as  regards 
roads  and  forest  fires.  The  railroads  are  responsible  for  many  of  the  forest  fires, 
and  the  men  who  take  their  cows  out  on  somebody's  lot  and  set  fire  to  the  under- 
brush to  get  good  grazing  ground  are  responsible  for  many.  But  whoever  is 
responsible  we  want  the  law  to  get  hold  of  them.  It  is  hard  for  the  county  com- 
missioner to  do  anything  except  to  get  his  friends  together  at  election  time, 
while  his  office  is  a  stepping-stone  for  something  better.  It  is  doubly  hard  to  ask 
him  to  prosecute  the  railroad  company  if  he  is  riding  on  a  pass,  and  the  county 
commissioner  meets  political  snares  which  are  unpleasant ;  but  the  question  is, 
does  the  office  mean  more  to  him  than  the  forests  to  us  and  to  our  children?  I 
should  not  think  so,  if  Dr.  Rothrock  can  make  unchallenged  the  statements  he 
does  as  to  the  losses  by  forest  fires. 

On  election  night  the  fire  engines  passed  my  house,  which  is  unusual,  because  I 
live  in  a  section  where  there  are  few  alarms,  but  an  old  building  was  set  on  fire  as 
an  election  night  celebration.  The  fire  department  of  Philadelphia  went  to  that 
unoccupied  and  abandoned  building  and  put  out  the  fire.  Had  the  authorities 
been  able  to  find  the  party  that  set  fire  to  that  practically  worthless  building  he 
would  have  been  put  in  jail,  but  that  same  boy  or  man  can  go  to  any  part  of 
Pennsylvania  and  deliberately  set  fire  to  the  timber,  worth  a  good  deal  of  money, 
and  cause  a  reduction  in  the  growth  for  at  least  twenty-five  years — that  man  can 
set  fire  to  the  forests,  it  can  spread  to  hay-stacks,  to  fences,  to  barns,  it  can  go 
for  miles  and  miles,  and  how  many  of  you  know  of  anybody  being  jailed  in  Penn- 
sylvania for  setting  fire  to  a  forest  ? 

I  do  hope,  as  Dr.  Rothrock  states,  that  the  matter  may  be  put  in  such  hands 
that  if  the  laws  are  found  to  be  unjust,  they  will  be  made  just,  and  if  they  are 
just,  that  the  offenders  will  be  fairly  punished. 

The  President. —I  wish  to  refer  briefly  to  the  question  of  the  influence  of 
forests  on  rainfall.  All  investigations,  so  far  as  I  know,  have  given  only  negative 
results.  My  impression  is  that  it  has  never  been  shown  by  scientific  methods 
that  forests  affect  the  total  precipitation,  although  they  do  regulate  the  run-off. 
I  would  like  Dr.  Rothrock  to  tell  us  whether  his  statements  concerning  the 
diminution  of  rainfall  in  certain  districts  are  based  on  actual  comparative  data, 

Dr.  Rothrock. — I  do  not  think  there  are  any  satisfactory  records  in  this 
country.  I  do  not  think  it  can  be  said  whether  the  presence  or  absence  of  forests 
affects  the  rainfall.  In  certain  portions  of  Long  Island,  running  back  a  consider- 
able number  of  years,  it  can  be  shown  that  the  rainfall  has  increased.  There  is 
no  question  at  all  as  to  the  fact  that  they  do  conserve  the  water  that  falls.  The 
lowest  water-mark  we  have  ever  had  at  Harrisburg  I  think  was  during  the 
first  three  years  of  the  century.    A  gentleman  said  to  me  the  other  day,  "  There 
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is  nothing  in  your  theories  at  all  about  forests  affecting  rainfall."  Why  is  it  the 
Susquehanna  River  is  so  low  to-day  ?  It  is  just  where  it  was  a  century  ago  when 
the  whole  land  was  covered  with  forests.  It  is  a  very  simple  matter.  The 
question  of  the  forest  increasing  rainfall  is  not  proved.  There  always  have  been 
and  there  always  will  be  (whether  we  have  forests  or  do  not  have  them)  years  in 
which  the  rainfall  is  exceptionally  short.  If  there  are  no  forests,  this  shortage 
will  be  more  severely  felt  and  the  streams  will  be  lower  than  when  there  are 
forests.  I  think  it  would  be  a  pretty  hard  matter  to  prove  the  statement  I  am 
going  to  make,  and  that  is,  I  believe  we  are  suffering  now  larger  injuries  from 
drought  under  a  given  rainfall  than  we  have  ever  suffered  before.  I  think  that  the 
areas  of  evaporation  are  increasing,  and  the  water  areas  are  decreasing.  Take 
the  Susquehanna  River  at  Harrisburg.  A  large  portion  of  that  bed  is  dry  in  the 
summer  and  autumn.  I  do  not  know  that  I  have  ever  seen  crops  suffering  as 
they  have  during  the  last  ten  years,  and  yet  only  during  two  of  these  years  could 
we  say  there  has  been  very  marked  deficiency  of  rainfall  over  a  large  part  of 
the  State. 

John  E.  Codman. — I  did  not  come  prepared  this  evening  to  speak  on  this  sub- 
ject ;  but  it  is  one  upon  which  a  great  deal  can  be  said.  1  feel  sure  that  I  can  not 
say  too  much  in  praise  of  our  Forestry  Commission,  or  the  work  it  has  done  in  re- 
storing the  forest-growth  of  this  State.  My  duties  during  the  last  twelve  or 
thirteen  years  (in  charge  of  the  hydrographic  data  of  the  Bureau  of  Water)  have 
led  me  into  observing  more  of  the  details  of  that  class  of  work.  There  seems 
to  be  a  lack  of  information  on  the  growth  of  trees,  in  the  cultivation  of  the  land 
and  the  preparation  of  it.  I  confess  myself  to  having  very  little  information  on 
the  subject  of  the  growth  and  restoration  of  the  forests,  but  have  endeavored  to 
inform  myself.  Probably  the  most  destructive  enemy  to  timber  and  forest  land 
is  the  forest  fire.  Some  years  ago,  having  occasion  to  go  into  Sullivan  County, 
Pennsylvania,  I  was  impressed  with  what  seemed  to  me  to  be  a  criminal  de- 
struction of  the  timber  there — acres  and  miles  of  hemlock  trees  cut  down  merely 
for  the  bark.  It  was  said  that  the  land  is  so  far  away  that  it  will  not  pay  to  haul 
the  timber  out.  It  was  cut  down,  the  bark  peeled  off,  and  the  branches  and 
dead  wood  allowed  to  remain.  After  a  couple  of  years  it  becomes  dry  and  inflam- 
mable. Carelessness  is  generally  responsible  for  a  fire,  and  it  is  almost  impossible 
to  stop  one  before  it  runs  into  the  standing  timber,  killing  that  also.  I  think  a 
law  should  be  passed  to  prevent  the  destruction  of  this  timber  and  more  restric- 
tions taken  to  prevent  these  forest  fires.  In  the  State  of  Maine  the  past  summer 
was  very  dry.  Near  where  I  was  visiting  a  fire  was  started  either  accidentally  or 
purposely  and  burned  for  several  miles  through  the  standing  timber.  The  fire 
does  not  entirely  destroy  the  tree,  it  burns  out  the  top  and  the  roots.  The  first 
storm  that  comes  blows  this  timber  down,  and  then  there  is  another  opportunity 
for  a  fire ;  it  is  almost  impossible  to  clear  it  out  and,  furthermore,  no  attention  is 
paid  to  this  dead  wood  until  another  fire  is  started.  There  is  very  little  care  and 
a  great  deal  of  criminality  in  all  this,  and  I  think  each  of  us  should  do  what  we 
can  to  assist  in  helping  the  Forestry  Commission  to  establish  laws  to  prevent 
these  fires  and  to  the  restoration  of  the  forest  area. 
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There  has  been  considerable  said  about  the  destruction  of  the  forests  causing 
climatic  changes.  In  my  opinion  and  observations  it  seems  to  me  that  no 
material  climatic  changes  could  take  place  unless  there  was  some  great  change  in 
the  conditions  of  the  atmosphere.  The  rainfall  on  the  eastern  part  of  the 
United  States  is  dependent  upon  the  volume  of  warm,  moisture-laden  air  from 
the  Atlantic  Ocean.  The  statistics  of  the  Geological  and  Hydrographic  Surveys 
show  an  average  rainfall  along  the  seaboard  of  about  forty-five  inches.  There  is 
a  gradual  decrease  west  of  the  mountains,  and  in  the  State  of  Kansas  there  is 
not  more  than  five  inches.  There  is  no  observed  change  in  the  average  volume 
of  water  falling  on  the  ground.  The  destruction  of  the  forests  produces  a 
marked  effect  upon  the  flow  of  the  streams  and  rivers.  Instead  of  the  average 
flow  being  distributed  over  the  year,  as  it  is  when  covered  with  forest  area,  the 
flow  of  the  stream  is  made  up  in  freshets,  coming  in  large  volumes,  and  the 
result  is  a  greater  average  run-off.  We  well  know,  to  our  own  discomfort,  in  the 
Schuylkill  Valley,  the  coal-dust  and  the  sweepings  of  Schuylkill  County  are 
brought  by  the  freshets  to  Fairmount  dam.  Early  in  the  spring  there  were 
some  severe  freshets,  and  you  all  know  the  condition  of  the  water.  The  flow  of 
the  streams  without  forest  area  will  be  slightly  above  the  average  and  the 
minimum  flow  will  be  below  the  average.  It  is  a  fact  that  if  the  valley  of  the 
Schuylkill  were  covered,  the  greater  part,  with  forests,  we  would  have 
nothing  like  as  much  material  brought  down  in  the  water  as  there  is  at  the 
present  time.  The  velocity  would  not  be  so  great,  and  whatever  was  swept  off 
the  surface  would  not  be  brought  so  far  down.  At  the  present  time  the  water 
comes  in  frequent  freshets,  bringing  large  quantities  of  surface  soil  with  it 

L.  Y.  Schermerhorn. — Apart  from  the  values  which  will  arise  from  the 
preservation  and  restoration  of  our  forests,  this  question  of  the  prevention  of 
flood  discharges,  from  rainfall  run-off,  is  one  with  which  engineers  must  strongly 
sympathize.  I  am  satisfied  that  there  is  no  practical  way,  except  in  the  preserva- 
tion and  restoration  of  our  forests,  to  overcome  the  difficulty  which  now  stares 
us  in  the  face,  not  only  here  but  elsewhere,  in  the  matter  of  disaster  and  destruc- 
tion resulting  from  flood. 

Some  years  ago  I  was  called  upon  to  make  an  examination  and  report  upon 
the  feasibility  of  preventing  destructive  freshets  or  floods  on  the  West  Branch  of 
the  Susquehanna  River.  The  city  of  Williamsport  was  particularly  involved,  and 
had  suffered  severely.  An  examination  developed  the  fact  that  it  would  not  be 
difficult  or  excessively  expensive  to  surround  the  city  of  Williamsport  with 
barriers  reaching  above  the  height  of  flood  water.  Nevertheless,  the  area  so 
surrounded  would  be  at  times  below  the  surface  of  the  river,  necessitating 
expensive  methods  of  gelting  rid  of  surface  drainage ;  and  while  the  problem 
became  one  that  was  solvable,  at  least  by  the  application  of  considerable  expen- 
ditures, it  was  not  one  that  could  be  met  in  such  a  way  as  to  remove  all  the  diffi- 
culties, and  I  very  quickly  became  satisfied  that  the  preservation  and  restoration 
of  the  forests  along  the  various  tributaries  of  the  West  Branch  of  the  Susque- 
hanna would  be  the  besc  practical  solution  of  the  entire  question.  This  State  is 
not  alone  in  suffering  from  such  inconvenience  and  disasters.    The  problem  is  an 
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old  one.  Italy  has  gone  through  the  same  experience ;  also  France  and  Germany. 
The  discharges  of  their  torrential  rivers  have  been  carefully  studied,  and  only 
one  solution  has  been  proposed,  and  that  is  the  restoration  of  forests  upon 
mountain  slopes. 

I  was  very  much  interested  in  a  work,  written  nearly  two  hundred  years  ago, 
by  an  Italian  monk, — Paulo  Fresci, — and  his  conclusions  will  be  found  interesting 
and  valuable  reading.  The  problem  given  him  was  to  devise  an  efficient  method 
for  overcoming  the  freshets  of  the  River  Po.  His  methods  were  successful, 
and  are  applicable  at  the  present  time.  The  Mississippi,  the  Missouri,  and 
the  Ohio  Rivers  every  year  bring  down  millions  of  cubic  yards  of  material,  and 
our  engineers  are  struggling  with  that  great  problem — the  improvement  of  the 
waterways  of  the  valley  of  the  Mississippi  River ;  and  the  difficulties  of  it  are 
materially  added  to  by  the  torrential  discharges  to  which  reference  has  been 
made.  The  French  and  German  engineers,  in  the  solution  of  this  problem, 
begin  upon  the  mountain  slopes  by  arresting  the  free  discharge  of  the  little 
rivulets  that  are  formed  by  a  rain-storm  ;  placing  little  barriers  not  more  than  a 
foot  in  height,  and  slightly  larger  barriers  upon  the  brooks  formed  by  these 
rivulets,  and  still  heavier  barriers  upon  the  larger  streams  ;  attempting  to  imitate 
nature  in  holding  back  this  rainfall  which,  if  it  fell  upon  slopes  fairly  wooded, 
would  find  a  spongy  material  in  which  the  water  would  be  held,  and  yielded  so 
slowly  that  it  would  reach  the  larger  discharging  streams  in  such  a  manner  as  to 
prevent  the  freshets  which  would  otherwise  occur.  The  freshets  which  have 
occurred  in  the  past  at  Johnstown  and  Williamsport  are  bound  to  happen  again, 
and  our  protection  of  the  large  populations  submits  a  problem  that  the  engineer 
of  the  future  will  be  obliged  to  grapple  with  and  solve  ;  all  study  of  the  question 
points  to  the  only  practical  solution  as  lying  in  the  restoration  of  the  forests  of 
the  mountaiu  slopes. 

The  extent  to  which  trees  and  forests  as  a  whole  influence  the  deposit  of 
rainfall  and  the  methods  of  that  deposit  can  be  brought  very  clearly  to 
our  mind  by  this  illustration.  In  a  journal  devoted  to  arboriculture  I  read 
recently  a  statement  something  like  this :  A  large  oak  tree  was  found  to 
contain  about  seven  hundred  thousand  leaves,  and  from  May  to  September, 
inclusive  months,  the  tree  absorbed  from  the  soil  and  transpired  into  the  atmos- 
phere through  its  leaves,  one  hundred  and  twenty-five  tons  of  water.  That 
reduced  to  daily  transmission  amounts  to  about  sixteen  hundred  pints  of  water 
or  about  two  hundred  gallons.  If  this  is  a  fair  measure  from  a  single  oak  tree, 
what  does  it  become  when  multiplied  by  the  hundreds  of  trees  which  make  a 
forest  ? 

Dr.  Rothrock. — I  desire  to  express  my  very  great  gratification  in  finding 
that  the  Forestry  Commission  has  so  many  warm  friends  among  engineers,  and  I 
am  very  sure  that  we  are  nearing  the  solution  of  the  forestry  problem  in  Penn- 
sylvania, I  do  not  know  anywhere  of  any  element  in  any  political  party,  or  in 
any  combination  of  citizens,  that  fe  against  the  forestry  cause.  I  think  now  it  is 
simply  a  question  as  to  what  means  we  will  adopt.  I  think  we  may  regard  the 
question  of  forest  preservation  as  fully  and  fairly  fixed  in  the  minds  of  the  people. 
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If  we  can  not  follow  out  the  lines  of  thought  and  practice  developed  in  other 
countries,  we  should,  to  a  certain  extent,  be  called  upon  to  develop  a  system  of 
forestry  in  our  own  country,  and  I  think  it  will  be  done  in  the  near  future. 

P.  A.  Maionen. — I  have  not  much  to  say  on  the  subject,  yet  I  may  state  that 
there  is  a  law  in  France,  and  I  believe  in  Austria,  preventing  any  more  wood  to 
be  cut  down  than  is  planted.  The  forests  are  divided  in  lots  like  squares  in 
Philadelphia,  and  for  every  lot  sold  one  has  to  be  planted.  A  measure  of  this 
kind  would,  of  course,  be  most  beneficial  in  this  country.  In  Algeria,  which  is 
a  very  dry  country,  the  eucalyptus  or  gum  tree  from  Australia  has  been  imported. 
It  is  largely  planted,  grows  very  quickly,  and  does  much  good  to  the  country. 

Referring  back  to  the  preservation  of  forests,  I  would  like  to  draw  attention 
to  a  subject  of  importance — that  of  insects.  Twenty-five  or  thirty  years  ago 
appeared  in  France  a  disease  of  the  vines,  said  to  be  imported  from  America,  and 
called  Phylloxera  vastatrix.  In  a  few  years  it  destroyed  practically  ninety  per 
cent,  of  the  vineyards. 

This  insect,  as  its  name  implies  (Phylloxera,  eater  of  leaves),  destroys  the 
leaves  in  American  vineyards,  but  in  Europe  it  has  taken  to  the  roots.  The 
leaves  are  still  the  habitat  for  the  reproductive  phase  of  its  life,  but  the  de- 
structive phase  takes  place  at  the  root,  or  rather  on  the  tender  rootlets.  The  mode 
of  cultivation  of  the  French  vines  is  probably  to  be  blamed  for  this  fact  The 
vines  are  cut  down  every  year  close  to  the  ground  ;  the  land  is  highly  tilled  and 
kept  clean,  soft,  and  open,  so  that  the  rootlets,  according  to  the  rule  that  prevails 
in  horticulture, — namely,  that  the  roots  only  go  as  far  as  the  branches,— grow 
near  the  surface  and  the  insect  has  no  difficulty  in  reaching  the  succulent  fibrous 
feeders  of  the  plant. 

The  insect  is  very  small  indeed,  of  a  bright  yellow  color,  in  form  like  a  micro- 
scopic beetle  about  the  size  of  a  grain  of  fine  table  salt.  The  reproductive 
members  of  the  family  are  winged  and  the  destructive  members  are  wingless. 
The  wingless  members  of  the  tribe  reproduce  themselves  parthenogenetically. 
The  American  vines,  and  some  others  that  grow  in  Europe,  are  permitted  to  spread 
their  branches  high  above  ground,  so  that  the  roots  and  their  tender  feeders  go 
so  far  in  the  ground  that  it  is  presumed  the  insects  can  not  reach  them,  or  if  they 
do,  there  are  still  sufficient  roots  that  escape  their  depredation  to  maintain  life  in 
the  tree. 

There  is  a  phylloxera  of  the  oak  which  differs  from  the  vine  phylloxera  in  the 
length  of  the  antennae.  I  simply  mention  this  matter  to  draw  attention  to  the 
fact  that  there  Is  plenty  to  do  for  the  entomologists  in  the  question  of  forest 
preservation. 

I  agree  with  all  that  has  been  said  concerning  the  distressing  consequences  of 
the  removal  of  forests.  The  moisture  kept  under  the  trees  finds  its  way  gradually 
into  subterranean  reservoirs  from  which  come  springs.  This  is  the  ideal  source 
of  a  good  water-supply.  Without  forests  the  rain  not  only  goes  immediately  to 
the  rivers,  but  washes  down  therein  vegetable  and  animal  debris,  which  have 
much  to  do  with  the  spread  of  disease. 

John  C.  Trautwine,  Jr.— Dr.  Rothrock's  remarks  recall  very  pleasantly  tn 
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uiiud  my  visit  to  Cornell  University,  in  June  last,  on  the  occasion  of  the  annual 
commence  ment. 

On  that  occasion,  Professor  B.  E.  Fernow,  late  Chief  of  Forestry  Division, 
Department  of  Agriculture,  at  Washington,  presented  to  the  audience,  with 
pardonable  pride,  what  he  claimed  to  be  the  first  graduate  in  forestry  ever  pro- 
duced in  America.  This,  he  said,  was  the  result  of  some  twenty-five  years  of 
hard  labor,  by  which  I  did  not  understand  him  to  mean  that  the  entire  quarter 
century  had  been  devoted  to  the  evolution  of  that  one  young  gentleman,  whose 
age  had  hardly  reached  that  limit,  but  that,  during  that  time,  the  professor  had 
been  keeping  his  weather  eye  upon  forestry  education,  and  devoting  much  effort 
to  its  development. 

Dr.  Rothrock' s  recital  of  the  difficulties  which  he  has  encountered  in  bringing 
the  public  to  a  realizing  sense  of  its  losses  by  reason  of  forestry  destruction, 
strikingly  points  out  the  difficulty  which  a  partially  enlightened  community  of 
partially  public-spirited  men  experiences  in  protecting  itself  against  the  rapacities 
of  the  unscrupulous.  On  the  one  hand,  we  have  a  small  body  of  men  desper- 
ately interested  in  looking  after  their  own  pockets  and  quite  regardless  of  the 
interests  of  the  community,  and,  on  the  other  hand,  a  public  only  half  alive  to 
the  importance  of  the  depredation  which  is  going  on. 

It  is  to  be  hoped  that  Dr.  Rothrock' s  efforts  for  the  public  welfare  may  take 
effect  before  it  is  too  late  to  repair  the  damage  worked  by  the  few  against  the 
apathetic  many. 
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CHAINS  AND  CHAIN  GEARING. 

CHARLES  PIEZ. 

Read  February  9,  1901. 

Chains  have  so  well  established  a  place  in  the  mechanical  world 
as  a  meams  for  transmitting  power  that  it  is  necessary  to  say  but  a 
few  words  concerning  their  scope.  They  are  applicable  wherever  a 
positive  speed  ratio  is  to  be  secured,  wherever  heavy  strains  at  low 
speeds  are  to  be  transmitted,  wherever  a  damp  or  hot  atmosphere 
would  prove  destructive  to  belts  or  ropes,  and  wherever  power  is  to 
be  transmitted  without  sacrificing  the  flexibility  of  the  shaft  supports, 
as  in  the  case  of  agricultural  machinery. 

Just  as  gears  may  be  roughly  classed  as  cut  and  cast,  so  chains  can 
be  grouped  as  machine-made  and  cast.  The  former  have  been  almost 
solely  applied  to  bicycles  and  motor  cars,  while  the  latter  are  applied 
to  elevating,  conveying,  and  the  transmission  of  power  in  the  mechan- 
ical arts.  The  limitation  to  the  use  of  machine-made  chain  is  almost 
wholly  a  matter  of  price,  and  is  due  very  largely  to  the  fact  that  its 
manufacture  has  never  been  so  systematically  organized  as  to  pro- 
duce a  well-made  chain  and  sprocket  wheel  at  a  reasonable  price. 
Machine-made  chains,  when  properly  designed  and  well  made,  are 
stronger,  more  durable,  and  less  noisy  than  cast  chains  of  equivalent 
bearing  surface  and  section.  But  owing  to  their  lower  first  cost,  the 
latter  have  been  much  more  extensively  used. 

I  described  machine-made  and  cast  chains  as  resembling  cut  and 
cast  gears  in  their  classification ;  I  might  carry  the  simile  further  by 
stating  that  there  is  as  much  difference  iu  cast  chains  as  there  is 
between  well-made  machine-moulded  gears  and  gears  cast  from  care- 
lessly made  patterns.  That  chains  shall  run  properly  with  their 
wheels,  it  is  essential  that  the  links  shall  be  accurate  as  to  pitch,  that 
the  pintels  shall  bear  uniformly  in  their  seats,  that  the  wheels  shall 
be  of  the  proper  pitch  diameter,  the  teeth  of  proper  pitch  and  shape, 
and  that  the  bearing  and  sprocket  surface  shall  be  proportionate  to 
the  strains  to  be  transmittal.     The  last  requirement  is  one  that  can 
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be  overcome  by  proper  design,  but  those  who  are  familiar  with  the 
"vagaries"  of  castings  can  imagine  how  difficult  is  the  realization  of 
the  other  four  requirements.  The  high-class  Ewart  malleable  chains 
are  subjected  to  seventeen  (17)  distinct  operations  after  removal  from 
the  annealing  pots,  and  while  primarily  cast  chains,  they  are,  by 
selection,  by  treatment,  and  by  testing,  brought  to  an  accuracy  and 
uniformity  which  leaves  but  little  to  be  desired. 

The  wear  on  chains  is  twofold,  internal  and  external.  The  internal 
wear  is  due  to  the  articulation  of  the  links,  and  takes  place  between 
the  pintel,  or  what  in  Ewart  chains  is  termed  the  end-bar,  and  its 
bearing.  The  external  wear  is  that  which  is  caused  by  the  engage- 
ment of  the  link  with  the  sprocket. 

Lubrication  of  both  the  chain  bearings  and  the  teeth  of  the  wheels 
would  largely  reduce  both  kinds  of  wear,  and  in  the  larger  chains  used 
for  dredges,  special  provision  for  properly  lubricating  the  chain  bear- 
ings is  made.  But  these  provisions  are  applicable  only  to  very  large 
chains,  and  even  were  they  not  so  limited,  the  cost  of  such  devices 
when  applied  to  the  smaller  chains  would  stand  in  the  way  of  their 
general  adoption.  Every  chain,  no  matter  what  its  duty  or  what  the 
atmosphere  it  runs  in,  should  be  lubricated  at  frequent  intervals,  tests 
having  demonstrated  that  a  chain  lasts  longer  when  a  mixture  of 
emery  and  oil  is  applied  to  the  chain,  than  when  the  emery  alone  is 
applied.  The  joints  should  be  wiped  free  from  dust  and  sticky  oil, 
and  an  effort  should  be  made  to  get  the  lubricant  into  the  bearing. 
Besides  this,  the  teeth  of  the  wheels  should  be  cleaned  and  a  heavy 
grease  applied  to  them. 

In  a  large  percentage  of  cases,  when  a  chain  gives  trouble,  such  a 
treatment  will  give  relief. 

But  the  chain  manufacturer  realizes  that  the  lubrication  of  chains 
is  not  always  an  easy  matter,  and  his  aim  has  therefore  been  to  pro- 
duce a  chain  joint  which  would  prove  durable  in  spite  of  imperfect 
lubrication. 

Two  general  methods  have  been  employed  to  achieve  this  result. 
The  first  method  consists  in  the  use  of  a  rocking  joint,  which  is  an 
application  of  the  knife-edge  principle  to  the  chain  bearing.  This 
application  was  the  subject  of  a  generic  patent  granted  Mr.  James  M. 
Dodge,  on  July  13,  1880.  Only  a  fractional  part  of  a  complete  revo- 
lution is  possible  with  this  form  of  joint;  but  by  limiting  the  number 
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of  teeth  of  the  smallest  wheel  to  be  used,  the  arc  of  articulation  can  be 
brought  within  the  practicable  limits  of  the  rocking  joint. 

This  joint  is  practically  free  from  friction,  even  without  a  lubricant; 
and  when  the  force  to  be  transmitted  lies  well  within  the  safe  limits 
of  the  strength  of  the  bearing  edge,  it  gives  excellent  results  in  prac- 
tice. 

The  Morse  bicycle  chain  and  the  malleable  iron  rocker-joint  chains 
are  examples. 


FAULTY  CONSTRUCTION  OF  WHEEl  WHEN  GEABHO 
WITH  A  NEW  CHAIN. 


h 


P 


Fig.  1. 

The  second  method  to  obtain  a  durable  joint  consists  in  hardening 
the  surfaces  in  contact.  In  cast  or  malleable  iron  chains  this  is 
accomplished  by  using  case-hardened  steel  pins  bearing  against  bushes 
of  hard  metal.  In  the  chain  invented  by  Mr.  Francis  Ley,  of  Derby, 
England,  this  principle  is  carried  one  step  further.  The  cast  frame  is 
cut  away  so  that  the  outer  surface  of  the  case-hardened  bush  bears 
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against  the  wheel.  Both  the  external  and  internal  wear  in  this  chain 
is  therefore  concentrated  on  case-hardened  parts,  and  these  parts  are 
made  so  that  they  can  be  renewed  when  worn. 

As  the  external  wear  is  wholly  due  to  the  action  of  the  wheel  on  the 
chain,  it  will  be  necessary  to  give  a  brief  description  of  the  action  of 
the  chain  on  the  wheel  and  the  rules  which  should  govern  a  proper 
wheel  design. 


FAULTY  COHSTBUCTIO*  OF  WHEEL  WHEH  0EABI5G  ' 
A  OflAJJ*  SLIGHTLY  WOKS. 


Fig.  2. 

The  popular  notion  is  that  when  a  chain  gears  into  a  toothed  wheel, 
all  the  teeth  entering  the  chain  are  simultaneously  in  action.  This  is 
not  true,  for  no  matter  how  accurately  a  chain  and  wheel  may  fit  when 
new,  the  moment  a  strain  is  brought  to  bear  on  the  chain,  and  the 
wheel  begins  to  turn,  the  pins  begin  to  bed  themselves  into  their  bear- 
ings, producing  at  once  a  lengthening  of  the  pitch.  The  amount  of 
this  bedding  or  seating  may  be  infinitesimal  in  each  joint,  but  it  is 
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sufficient  to  destroy  the  simultaneous  bearing  on  all  teeth.  The  action 
between  chain  and  wheel  tends  to  wear  the  chain  long  and  the  wheel 
small,  and  results  in  one  tooth  doing  all  of  the  work  at  any  one  time. 

The  following  cuts  will  illustrate  the  principle  of  chain  gearing 
with  the  ordinary  types  of  chain  : 

Figure  1  shows  a  wheel  with  a  chain  fitting  every  tdoth.  This  is 
an  ideal  condition  that  may  exist  before  the  gearing  has  been  put  into 
operation  and  when  the  chain  and  wheels  have  been  made  with  ex- 


FAULTY  00H8TBU0TI0H  OF  WHEEL  WHEN  GEABIKG  WTTH 
A  WOBN  CHADL 


Fig.  3. 

t  re  me  accuracy.  But  this  condition  ceases  as  soon  as  the  chain  runs 
long  enough  to  bring  the  joints  to  a  bearing.  Then  the  chain  approx- 
imates the  position  on  the  wheel  shown  in  figure  2,  which  represents 
the  wheel  shown  in  figure  1,  when  gearing  with  a  chain  slightly  worn. 
The  link  "  A"  is  now  the  only  one  which  is  in  working  contact  with 
its  tooth,  the  reason  being  that  the  chain  has  lengthened,  whereas  the 
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wheel  has  remained  the  same.  As  the  wheel  turns  beyond  the  position 
shown  in  the  figure,  link  "G"  wedges  itself  into  position  and  crowds 
out  link  "A,"  throwing  the  latter  into  about  the  position  shown  by 
link  "B"  in  figured 

The  work  is  therefore  done  by  one  tooth,  and  that,  too,  during  the 
period  when  the  tooth  is  acting  like  a  wedge  to  prevent  the  seating  of 
the  link.  Only  a  portion  of  the  power,  therefore,  is  usefully  em- 
ployed. 


00H2B0T  O0I8TEUOTI0I  OF  A  DMVBB  WHEEL 
0BA1IH0  WITH  A  NEW  CHAM. 


Fig.  4. 

Figure  3  represents  the  third  stage  of  the  same  wheel — viz.,  when 
gearing  with  a  worn  chain.  Iu  this  instance  the  defects  of  the  last 
case  have  become  aggravated  and  the  working  of  the  chain  becomes 
irregular,  the  liuks  frequently  jumping  the  teeth. 

The  construction  shown  in  the  foregoing  results  in  a  waste  of  power, 
a  rapid  wear  of  the  chain,  and  an  irregular  and  jerky  motion. 
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In  figure  4  is  shown  the  correct  construction  of  the  driving  wheel, 
and  this  figure  shows  it  gearing  with  a  new  chain.  As  will  be  seen, 
the  wheel  pitch  is  longer  than  the  chain  pitch,  and  the  tooth  space  is 
much  wider  than  the  accommodation  of  the  chain  joint  would  require. 
This  construction  brings  the  driving  tooth  at  the  outgoing  end  of  the 
chain  instead  of  the  incoming  end. 

Figure  5  shows  the  same  driver  gearing  with  a  slightly  worn  chain. 


C0REE0T  COH8TE0OTIOS   Or  A  DEIVEK  WHEBL  WBES 
QE1RIHG  WITH  A  0HAI5  SLIGHTLY  WOBJT. 


Fig.  5. 

The  driving  is  still  done  by  the  tooth  engaged  with  the  outgoing  link, 
but  links  "B,"  "C,"  "D,"  "  E,"  and  "F"  have  moved  closer  to 
their  teeth  without  touching  them. 

Figure  6  shows  the  correctly  constructed  driver  gearing  with  a 
much  worn  chain,  and  in  this  case  the  conditions,  after  a  long  and 
useful  life,  approximate  those  of  the  new  chain  when  gearing  with  an 
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incorrectly  constructed  driver,  as  shown  in  figure  1.  To  secure  the 
proper  operation  of  the  chain,  the  driving  face  of  the  tooth  should  be 
so  curved  as  to  permit  the  outgoing  link  to  readily  free  itself.  The 
release  must  at  the  same  time  be  gradual,  so  that  the  following  link 
will  slip  back  into  engagement  with  the  sprocket  without  jar. 

The  proper  design  of  the  tooth  face  is  shown  in  figure  7,  which 
shows  the  first  stage  of  the  outgoing  chain. 


C0BRE0T  001T8TRir0TI0H  OF  A  DOTES  WHEEL  WHKH 
GEARIH&  WITH  A  MUCH  WOEH  OHAIH. 


m«- 


Fig.  ft. 

As  the  foregoing  cuts  have  shown  the  advantage  of  making  the 
driver  wheel  longer  in  pitch  than  the  chain,  so  the  two  following  cuts 
will  point  out  the  advantage  of  making  the  driven  wheel  slightly 
shorter  in  pitch  than  the  chain. 

In  practice,  the  chain  and  wheel  pitch  are  made  alike,  because  the 
lengthening  of  the  chain  as  soon  as  it  is  set  to  work  produces  at  once 
the  desired  effect. 
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Figure  8  shows  the  correct  driven-wheel  gearing  with  a  new  chain, 
and  figure  9  shows  the  same  wheel  gearing  with  a  worn  chain.  It  is 
apparent  that  in  the  driven  wheel,  as  with  the  driver,  the  tooth 
against  the  outgoing  link  is  the  one  in  action. 

Mr.  W.  D.  Ewart,  in  his  invention  of  the  differential  pitch  sprocket 
wheel,  has  combined  the  principles  that  the  driver-wheel  pitch  shall 
be  large  and  the  driven-wheel  pitch  small,  in  a  single  wheel. 

A  careful  study  of  the  action  of  a  chain  gearing  with  a  wheel  shows 
that  unless  the  wheel  face  is  kept  well  lubricated,  which  in  practice 
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is  rarely  the  case,  a  more  perfect  action  is  secured  by  the  type  known 
as  the  roller  chain  than  by  the  ordinary  solid  joint  chains,  like  the 
block  chains  or  Ewart  chains,  because  the  release  of  the  outgoing  link 
and  the  slipping  back  of  the  remaining  links  is  accomplished  with 
less  jar  and  with  less  wear  on  the  external  part  of  the  chain  joint  by 
rolling  than  by  sliding. 

The  ratio  of  the  roller  to  its  pin  should  be  as  large  as  the  strength 
of  the  chain  will  permit,  but  without  encroaching  too  much  upon  the 
tooth  space  of  the  wheel ;  for  the  above  analysis  also  points  out  the 
fact  that  the  greater  the  number  of  teeth,  the  larger  must  be  the 
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space  between  them  in  order  to  take  care  of  the  elongation  of  the 
chain  when  worn.  This  means  that  the  larger  the  number  of  teeth, 
the  thinner  the  tooth.  This  is  sound  from  a  practical  standpoint, 
because,  chain  speeds  being  the  same,  the  greater  the  number  of  teeth, 
the  less  frequently  does  each  tooth  come  into  action. 

There  is  a  limit  to  the  number  of  teeth  which  a  wheel  should  be 
given,  and  this  limit — not  the  possible  limit,  but  the  practical  limit — 
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can  beset  down  at  100  for  cut  wheels  gearing  with  accurately  pitched 
machine-made  chains,  and  at  less  than  half  this  number  for  cast 
wheels  and  cast  chains. 

It  is  evident  from  the  foregoing  cuts  that  in  the  operation  of  any 
of  the  ordinary  chains,  no  matter  how  accurately  made,  and  no  matter 
how  correctly  cut  the  wheel,  the  transfer  of  strain  from  one  link  to 
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the  following  involves  a  blow  which  becomes  more  frequent,  and 
therefore  more  severe,  as  the  speed  increases. 

Take  the  case  of  a  chain  of  3"  pitch  traveling  900  feet  per  minute: 
Each  foot  of  travel  means  the  engagement  of  four  links,  and  this 
speed,  therefore,  represents  3600  blows  to  the  chain  per  minute. 

The  severity  of  the  blows  is  still  further  increased  by  the  fact  that 
the  chain  at  high  speeds  vibrates  in  both   a  vertical  and  a  horizontal 
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plane  and  strikes  heavily  against  the  face  of  the  wheel  in  consequence. 
The  heavier  the  chain,  the  greater  the  force  of  the  blow  and  the 
quicker  the  destruction  of  the  chain. 

In  designing  chains  for  high  speeds,  therefore,  material  of  the  very 
highest  degree  of  strength  and  tenacity  must  be  selected  so  as  to  keep 
down  the  weight. 

We  have  experimented  for  a  long  time  on  the  determination  of  the 
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proper  strain  which  a  chain  can  be  called  upon  to  transmit  at  various 
sjieeds,  and  while  our  experiments  are  not  complete  enough  to  tabu- 
lar, they  show  that,  for  malleable  iron  chains,  for  instance,  the  per- 
missible strain  must  be  quickly  reduced  as  the  speed  is  increased. 

Suppose,  for  instance,  that  in  the  following  diagram  (Fig.  10) 
the  horizontal  divisions  represent  speeds  and  the  vertical  divisions 
effective  horse-powers.  Then,  if  we  follow  the  generally  accepted 
method  of  H.  P.  determination  for  chains,  we  will  assume  the  permis- 
sible working  strain  to  remain  the  same  at  all  speeds  and  obtain  the 
results  shown  by  the  straight  dotted  line.  If,  however,  we  take  into 
account  the  rapidly  increasing  destructive  effect  of  blows  at  high 
s|>eeds,  we  will  find  that  the  effective  power  transmitted  is  represented 
by  a  line  which  assumes  the  shape  of  a  curve,  flattening  as  the  speed 
increases  and  finally  dropping  back. 
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The  actual  strain  in  chain,  however,  increases  with  the  speed,  and 
the  chain  can  be  run  so  fast  that  it  will  destroy  itself  without  perform- 
ing useful  work.  Our  experiments  fully  bear  out  this  theory,  and  indi- 
cate that  a  malleable  chain  at  200  feet  can  be  safely  run  at  twice  the 
working  strain  of  one  at.50  feet,  and  that  at  500  feet  the  chain  will 
transmit  its  maximum  power.  These  statements  are  all  made,  of 
course,  on  the  assumption  that  the  total  strain  existing  in  the  chain — 
that  is,  the  sum  of  the  strain  due  to  the  driving  force  and  that  due  to 
impact — shall  be  the  same  at  all  speeds. 

Now,  as  stated  above,  the  limitations  to  chain  speeds  are  due,  first, 
to  the  weight  of  chain  ;    and,  second,  and   more  particularly,  to  the 
method  of  engagement. 
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High-speed  chains  must  therefore  be  light;  they  must  be  accurately 
made  as  to  pitch,  and  they  must  be  made  durable  so  they  will  retain 
their  accurate  pitch.     The  wheel  must  likewise  be  accurately  cut  and 

THE    PRINCIPLE   OF  GEARING. 
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the  teeth  formed  in  such  a  way  that  the  transfer  of  strain  from  one 
tooth  to  the  following  one  is  made  with  the  least  possible  jar. 

But  with  all  these  requirements  fulfilled,  chain  speeds  of  1000  feet 
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per  minute  and  upward  are  objectionable  for  most  transmissions  be- 
cause of  the  noise.  This  noise  is  due  wholly  to  the  manner  of  engage- 
ment between  the  chain  and  chain  wheels,  and  increases  very  rapidly 
as  the  chain  stretches  from  wear. 

To  Mr,  Hans  Renold,  of  Manchester,  England,  belongs  the  honor 
of  having  developed  a  driving  chain  which  overcomes  the  defects  in- 
herent in  the  ordinary  type  of  chains,  and  makes  it  possible  to  attain 
speeds  of  1200,  and  even  1500,  feet  per  minute,  with  as  little  noise  as 
accompanies  the  action  of  a  leather  belt.  This  he  accomplished  by  so 
designing  the  chain  and  wheel  that  the  stretch  is  automatically  taken 
up,  or  rather  compensated,  and  the  correct  principle  of  chain  gearing 
is  preserved  to  the  last.  The  compensation  for  stretch  or  wear  is  ac- 
complished on  the  wheel  by  the  chain  assuming  automatically  a  larger 
pitch  diameter,  this  result  being  achieved  by  the  peculiar  form  of  link 
and  tooth.  The  incoming  link  seats  itself  firmly  against  the  face  of 
the  tooth,  and  retains  this  position  until  its  release  at  the  other  end  of 
the  driving  arc.  There  is  no  transfer  of  load  from  tooth  to  tooth  by 
slipping  back,  but  the  load  is  evenly  distributed  over  all  the  teeth  in 
gear,  and  the  action  is  altogether  silent  and  without  the  slightest 
trace  of  jar  or  jerk. 

The  "silent  chain  gear/'  as  Mr.  Renold  has  styled  it,  is  very  dura- 
ble, and  has  lent  itself  to  purposes  where  chains  have  heretofore  been 
inadmissible. 

It  seems  strange  to  see  a  sprocket  wheel  on  the  shaft  of  a  motor 
running  800  r.  p.  ra.,  and  to  find  a  chain  transmitting  power  from  this 
motor  to  a  counter-shaft  with  a  speed  reduction  of  five  to  one.  And 
yet  this  chain  does  its  work  as  noiselessly  as  a  belt,  and  very  much 
better  than  a  cut  gear  and  a  rawhide  pinion.  The  illustrations  of  this 
chain  are  so  clear  as  to  explain  themselves,  and  demand  no  further 
description. 

As  all  the  teeth  in  gear  are  simultaneously  in  action,  and  as  this 
continues  to  be  the  case  even  when  the  chain  becomes  worn,  it  is  evi- 
dent that  several  chains  can  be  run  simultaneously  on  the  same 
wheels,  and  that  each  will  do  its  proper  proportion  of  the  work. 
This  makes  it  possible  to  transmit  large  powers  by  using  a  number  of 
chains  side  by  side,  and  several  very  successful  installations  transmit- 
ting 150  H.  P.  and  over  have  been  made  by  Mr.  Renold  in  this 
way. 
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Accurate  workmanship  in  both  chain  and  wheels  is  absolutely 
necessary,  and  machine-cut  wheels  must  therefore  be  used. 

Several  years  ago  Mr.  James  M.  Dodge  designed  a  sprocket  wheel 
for  use  with  the  Ewart  or  other  form  of  malleable  iron  chain,  in  which 
the  wear  of  the  chain  is  compensated  for  by  its  assuming  a  gradually 
increasing  pitch  diameter,  as  in  the  case  of  the  Renold  silent  chain 
gear.  The  design,  however,  is  quite  different,  as  will  be  seen  from 
the  illustration  (Fig.  12).  In  a  long  series  of  dynamometer  tests, 
wheels  of  this  design,  made  of  chilled  cast-iron,  have  shown  them- 


Fig.  12. 

selves  indestructible  when  used  as  drivers,  and  have  shown  that  by 
their  use  the  life  of  the  chain  can  be  practically  doubled. 

In  conclusion,  permit  me  to  say  that  chain  gearing,  when  properly 
designed  and  taken  care  of,  is  as  little  subject  to  derangement  as  any 
other  power-transmitting  medium.  Recent  developments  will  no 
doubt  greatly  extend  the  range  of  application  of  this  form  of  transmis- 
sion, and  will  call  for  a  better  understanding  of  the  correct  principles 
that  underlie  chain  gearing  by  the  mechanical  world. 
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Fig.  13. — A  Silent  Chain  Drivk  prom  Engine  to  Line  Shaft. 
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DISCUSSION. 

Henry  S.  Spackman. — When  you  are  using  a  No.  88  chain  at  900  feet  per 
minute  and  find  it  breaking,  and  you  put  on  No.  103  chain,  are  you  decreasing 
your  efficiency  ? 

Charles  Piez. — Yes,  in  one  respect,  but  not  in  another.  The  general  tend- 
ency should  be  that  for  the  higher  speed  you  should  use  higher  class  material,  so 
as  to  get  the  same  strength  with  less  weight. 

Mr.  Spackman. — Is  the  speed  of  500  feet  fairly  constant  for  all  chains,  or  has 
it  not  been  determined  ? 

Mr.  Piez. — That  is  a  very  difficult  thing  to  determine ;  our  feeling  is  that  it 
is  practically  constant. 

Mr.  Spackman. — For  chains  anywhere  between  No.  88  and  above? 

Mr.  Piez. — Yes,  and  even  for  a  smaller  chain. 

L  F.  Rondinella. — I  think  you  mentioned  that  100  teeth  was  the  maximum 
number  permissible.     What  is  the  minimum  ? 

Mr.  Piez. — On  the  silent  chain  wheels  19  teeth  is  the  minimum.  That  is 
determined  by  the  angle  of  the  chain.  Here  the  angle  between  the  two  faces  of 
the  link  which  Mr.  Renold  designed  is  52  degrees.  That  rather  determines  it 
If  you  make  the  wheel  smaller,  the  chain  link  begins  to  undercut  the  tooth. 
With  the  19-tooth  wheel  you  have  got  practically  a  straight  face. 

L.  Y.  Schermerhorn. — Do  you  find  that  your  chains  become  crystallized  by 
use,  and  that  this  crystalline  structure  causes  the  chains  to  break? 

Mr.  Piez. — I  am  unable  to  answer  your  question  as  applied  to  malleable 
chain,  except  to  say  that  nothing  in  the  fracture  of  links  after  long  service  indi- 
cates crystallization.  Our  experience  in  the  steel  driving  chains  has  not  been 
extensive,  but  Mr.  Renold  has  had  silent  chains  in  operation  for  four  years  at 
speeds  of  from  ten  to  twelve  hundred  feet  per  minute.  They  have  given  no  evi- 
dence of  distress  during  that  time.  It  is  probable  that  the  perfect  action  between 
chain  and  wheel  has  had  a  good  deal  to  do  with  this.  The  chain  is  driven  with- 
out any  blow  or  shock,  and  there  is,  therefore,  very  little  danger  of  crystallization. 

Mr.  Spackman. — What  is  the  highest  limit  these  chains  have  been  running 
in  speed  ? 

Mr.  Piez. — Mr.  Renold  had  one  of  these  chains  in  operation  on  a  motorcar, 
and,  as  1  remember  it,  this  car  made  30,000  miles  in  which  the  chain  ran  2200 
feet  per  minute.  He  confines  the  use  of  the  chain  to  places  that  are  free  from 
grit  and  dirt.  The  ordinary  service  on  automobiles  is  very  severe,  and  with  the 
silent  chain  it  is  necessary  to  use  a  chain  case  to  inclose  the  wheels. 

Mr.  Spackman. — Then  if  these  chains  would  be  exposed  to  dirt  and  grit  the 
internal  wear  would  be  too  great  ? 

Mr.  Piez.— No,  not  on  that  account.  The  teeth  have  a  tendency  to  fill  up. 
You  see,  the  tooth  space  here  is  the  shape  of  an  inverted  wedge,  and  there  is  no 
tendency  to  crowd  the  material  out  sideways. 

Mr.  Schermerhorn.— Are  the  pintles  of  the  chains  of  steel? 

Mr.  Piez.— Yes,  hardened  steel.   The  early  tendency  was  to  secure  durability 
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by  increasing  the  hardness — the  skin  hardness — of  the  material,  and  not  by 
increasing  the  bearing  surface.  The  attempts  recently,  however,  have  been 
toward  the  increase  of  bearing  surface,  and  that  is  evidenced  by  the  progress 
made  in  the  chain.  This,  for  instance,  represents  the  first  chain  which  consists 
of  a  series  of  flats.  In  this  chain,  which  represents  the  last  type,  he  has  materi- 
ally increased  the  bearing  surface. 
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VARIATIONS  AND  USES  OF  THE  STANDARDS  OF  MEASUREMENTS 
EMPLOYED  IN  FIELD  ENGINEERING. 

BENJAMIN    FRANKLIN. 

Read  February  16,  1901. 

To  the  iuexperienced  the  art  of  measuring  appears  so  simple  a 
matter  as  to  require  no  special  knowledge  or  skill.  Indeed,  it  is 
doubtful  whether  even  among  engineers  of  high  standing  there  are 
not  some  who  fail  to  appreciate  the  importance  of  this  subject. 

A  somewhat  varied  experience  has  led  us  to  the  conclusion  that  the 
methods  and  principles  governing  practical  and  accurate  measuring 
can  not  be  too  carefully  studied  by  every  engineer. 

In  this  discussion  the  subject  naturally  divides  itself  into  two  heads: 
first,  the  differences  in  standard  ;  secoud,  the.  mechanical  inaccura- 
cies. 

The  extent  of  variation  referred  to  in  the  first  of  these  divisions  is 
a  surprise  to  those  members  of  the  profession  who  are  not  familiar 
with  municipal  work.  For  instance,  the  United  States  foot  is  not 
recognized  as  a  standard  in  the  work  in  any  of  the  survey  districts  of 
Philadelphia. 

What  is  known  as  the  Philadelphia  standard  is  an  excess  of  0.-5 
foot  for  each  100  feet  in  United  States  measure.  But  the  Philadelphia 
standard  itself,  however,  is  not  constant.  In  one  district  the  allow- 
ance is  0.08  inch  per  100  feet;  in  another,  0.13  foot;  in  another, 
0.17  foot;  in  others,  0.25  foot  and  0.27  foot.  Sometimes  two  or 
more  variations  occur  in  a  single  district,  and  in  one  instance  which 
came  under  our  notice  an  architect  calling  for  a  plan,  United  States 
standard,  found  that  each  side  of  a  quadrangular  lot  had  a  standard 
of  its  own,  none  of  which  corresponded  to  any  of  the  above  figures. 

In  the  further  pursuance  of  this  investigation,  the  writer  some  time 
ago  entered  into  correspondence  with  the  engineers  of  the  principal 
cities  of  the  United  States.  As  far  as  could  be  ascertained,  with  the 
exception  of  Boston  and  New  York,  Philadelphia  practice  is  followed 
nowhere  else  in  this  couutry.     In   Boston  the  variation   ranges  from 
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0.014  to  0.02  per  100  feet.  In  New  York  city  and  Brooklyn  the  con- 
ditions are  similar  to  those  prevailing  here,  although  probably  not 
to  the  same  extent.  In  these,  places  there  are  two  recognized  stan- 
dards: the  old  Dutch  measure,  which  is  0.1  foot  longer  in  each  100 
feet;  and  one  that  was  introduced  later,  in  which  the  excess  is  0.017 
foot  for  the  same  distance.  As,  however,  it  is  the  custom  there  to 
establish  a  separate  standard  for  each  block  from  the  old  monuments 
found  ou  the  ground,  it  is,  of  course,  evident  that  the  recognized  local 
standards  themselves  are  subject  to  considerable  variation. 

It  is  unnecessary  to  dwell  long  on  the  confusion  and  frequent  em- 
barrassments which  an  unscientific  system  of  this  character  entails. 

In  any  large  steam  railroad  operation  within  the  city's  limits,  where 
railroad  engineers  who  use  United  States  standard  only  have  to  work 
in  conjunction  with  the  district  surveyors,  using  their  several  stan- 
dards, there  must  certainly  be  a  conflict  of  methods  and  a  liability  to 
error  before  final  results  can  be  reached. 

Again,  it  is  easy  to  conceive  instances  in  which  bridges  and  build- 
ings might  be  designed  by  parties  unfamiliar  with  local  conditions ; 
and  costly  and  irritating  delays  occur  through  the  furnishing  of  plans 
whose  dimensions  are  in  city  standard. 

It  is  in  maiiy  cases  difficult  to  trace  the  causes  for  such  a  variety  of 
standards.  One  may  be  fouud  in  the  desire  of  the  early  surveyor  to 
give  "good  measure.,,  Even  the  modern  surveyor  is  not  entirely  lack- 
ing in  this  generous  impulse,  for  we  have  found  a  tract,  easily  seen 
from  Penn's  Tower,  laid  out  within  the  last  twenty  years,  where  one 
inch  in  every  fifty  feet  was  allowed  for  this  purpose. 

Moreover,  there  is  no  question  but  that  the  measures  used  by  the 
colonies  before  the  Revolution  were  almost  entirely  those  of  England, 
and  they  continued  so,  without  being  specially  legalized,  for  some  years 
after  that  period. 

The  old  British  standards  about  the  year  1740  were  as  follows: 
The  standard  English  perch  was  5J  yards  ;  the  standard  woodland 
perch  was  6  yards;  the  church  land  measure  perch  was  7  yards;  the 
forest  measure  perch  was  8  yards ;  the  plantation  perch  was  7  yards  ; 
the  Scotch  perch  was  6  J  yards.  It  is,  of  course,  fair  to  presume  that  in 
the  early  surveys  of  this  country  some  one,  or  even  all,  of  these  stan- 
dards were  used. 

We  believe,  however,  that  many  of  the  original  surveys,  especially 
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those  of  towns,  were  made  with  the  English  standard  perch  of  5J 
yards,  with  an  allowance  for  broken  and  forest  land.  This  is  sup- 
ported by  the  statements  of  old  surveyors,  who  tell  us  that  the  chains 
of  our  forefathers  were  made  one  inch  longer  for  each  two  rods  of 
length. 

In  the  instructions  given  in  1881  to  United  States  deputy  surveyors, 
the  designated  length  of  chain  for  use  in  township  and  subdivision 
surveys  is  66.06  feet.  The  object  in  adding  the  0.06  is  to  correct  for 
"  sag  "  with  a  pull  of  twenty  pounds.  These  chains  are  tested  with  a 
fixed  standard  each  working-day. 

In  leaving  this  branch  of  the  subject,  the  question  naturally  sug- 
gests itself,  Is  there  no  remedy  for  a  practice  which  is  certainly  unsci- 
entific and  possibly  illegal  ? 

In  the  consideration  of  the  second  division  of  the  subject,  the  dis- 
cussion relates  only  to  accuracy  in  measurement. 

It  has  seemed  to  the  writer  that  two  points  ought  to  be  borne  in 
mind  by  every  engineer  in  his  practice:  The  first  is  to  know  when  to 
be  accurate;  the  second  is,  regardless  of  the  degree  of  accuracy,  to 
always  check  results. 

The  care,  nicety,  and  refinement  absolutely  essential  in  measuring 
base-lines  for  primary  triangulation  or  city  block  distances  are  unnec- 
essary in  many  kinds  of  field  engineering;  but  while  the  relative 
accuracy  of  the  work  may  vary,  the  need  for  checking  is  constaut. 

There  are  four  well-known  appliances  used  iu  making  measure- 
ments :  First,  the  rod ;  second,  the  chain  ;  third,  the  steel  tape ;  fourth, 
the  stadia  wires. 

The  rod  is  so  rarely  used  now  in  ordinary  measurement  that  we 
will  eliminate  it  entirely  from  this  discussion. 

It  is  said  that  the  first  chain  made  in  accordance  with  an  act  of 
Cougress  was  manufactured  by  David  Ritten house,  of  Philadel- 
phia, in  1797.     It  was  of  double  links,  and  was  33  feet  long. 

The  old  chain  of  66  feet  and  the  later  chain  of  100  feet  have  until 
recently  been  used  almost  entirely  in  making  land  and  railroad  sur- 
veys; but  they  are  now  being  generally  discarded,  and  another  gener- 
ation may  know  them  only  by  tradition.  It  is  necessary  to  enumer- 
ate a  few  only  of  their  defects. 

Thus  in  a  100-foot  chain  there  are  600  points  of  contact;  according 
to  Professor  Johnson,  800.     Again,  it  is  estimated  that,  for  a  chain 


Digitized  by  CjOOQIC 


Franklin— Standards  of  Measurement*  in  Field  Engineering.      121 

100  feet  long,  in  order  to  overcome  the  "sag"  a  pull  of  60  pounds  is 
necessary.  When  we  add  to  these  not  only  the  errors  characteristic 
of  every  measuring  instrument,  but  also  those  peculiar  to  the  chain 
itself, — such  as  the  flattening,  opening,  stretching,  kinking,  and  bend- 
ing of  rings, — we  can  readily  conceive  what  basis  the  old  surveyors 
had  for  their  alleged  practice  of  shortening  a  chain  every  second  or 
third  day  when  in  continuous  use.  Yet  as  late  as  1880  the  "Engi- 
neering News/'  in  an  article  from  Professor  Jackson,  states  that  steel 
tapes  are  only  slightly  more  accurate  than  common  land  chains. 

In  the  discussion  of  steel  tapes  we  reach  a  very  important  division 
of  this  topic.  Under  this  head  we  include  not  only  the  graduated 
tape  of  the  Chesterman  type,  but  also  the  narrow  baud  or  flat  wires. 

Chesterman  invented  his  tape  about  1842,  but  there  is  no  record  of 
its  use  in  this  country  earlier  than  1860.  At  the  present  time  both 
the  tape  and  the  wire  are  employed  for  any  variety  of  measurement, 
and  when  skilfully  handled,  afford  results  that  are  wonderfully  accu- 
rate and  inexpensive. 

For  ordinary  practice  100  feet  is  the  accepted  length  of  tape.  Bet- 
ter results  in  good  country,  and  for  accurate  base-line  work  especially, 
have  been  obtained  with  a  tape  300  feet  long.  Five- hundred- foot 
tapes  are  not  uncommon,  but,  in  the  writer's  judgment,  no  real  econ- 
omy of  time  results  from  their  use. 

In  a  very  broad  seuse  the  errors  which  are  liable  to  occur  in  any 
measurements  may  be  divided  into  two  not  very  clearly  defined  classes : 
The  first,  the  cumulative,  depending  directly  upon  the  tape  itself, 
its  possible  constant  variation  from  a  standard,  and  the  number  of 
times  it  is  used;  the  second,  the  accidental,  arising  from  causes  whose 
effects  can  not  be  estimated;  errors  from  which  increase  as  the  square 
root  of  the  length  of  the  line  measured. 

Where  accuracy  is  required,  science  and  skill  can  eliminate  the 
second  class,  and  make  the  appropriate  adjustments  for  the  first.  In 
the  determination  of  absolute  results  by  the  use  of  steel  tapes,  it  is 
necessary  that  the  following  constants  be  determined  for  each  tape: 
First,  its  absolute  length  at  a  given  temperature;  second,  its  coefficient 
of  expansion;  third,  its  modulus  of  elasticity.  These  constants  must 
be  known  in  order  that  "sag"  and  temperature  may  be  corrected,  as 
in  them  are  found  the  chief  causes  of  inaccurate  work. 

Many  engineers  meet  the  question  of  sag  in  a  very  simple  fashion, 
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their  thought  being  that  to  "  pull  hard  and  steady  "  is  all  that  is  re- 
quired for  correction.  It  is  not  an  uncommon  sight  to  see  two  strong, 
experienced  chainmen,  while  measuring,  engaged  in  a  u  tug  of  war" 
in  an  effort  to  straighten  out  the  tape.  The  only  strain  that  a  sus- 
pended steel  tape  requires  is  "  normal  tension  " ;  that  is,  a  pull  of 
sufficient  strength  to  overcome  the  loss  of  length  due  to  "sag."  This 
depends  upon  the  cross-section  as  well  as  the  length  of  the  tape  be- 
tween supports;  and  for  very  accurate  work,  the  exact  amount  must 
be  found  for  each  tape  by  actual  comparison  with  a  standard.  This 
"normal  tension"  varies  from  6  to  16  pounds  for  a  tape  100  feet 
Jong.  The  usual  amount  for  a  tape  of  that  length,  weighing  12 
ounces,  is  a  trifle  less  than  12  pounds.  Practical  men,  however,  recog- 
nize that  while  this  tension  is  sufficient  for  accurate  results  obtained 
under  the  most  favorable  conditions,  ordinary  work  requires  a  pull 
somewhat  stronger  in  order  to  allow  for  those  influences  which  are 
encountered  in  an  average  daily  practice.  This  gives  rise  to  what  is 
known  as  a  "  working  pull,"  which  ought  to  range  from  18  to  20 
pounds  per  100  feet,  but  as  actually  used  is  higher  than  this,  frequently 
25  or  30  pounds,  and  on  side  hill  work  reaching  as  high  as  40  pounds. 

In  the  work  of  the  Missouri  River  Commission,  on  base-line  meas- 
urements, the  tapes  used  were  300  feet  long,  with  a  cross-sectional  area 
of  0.003  square  inches.  The  points  of  support  were  30  feet  apart, 
and  the  "  normal  tension  "  only  16  pounds. 

Conditions  remaining  the  same,  when  the  strain  in  a  100-foot  tape 
is  raised  from  its  "normal  tension"  of  12  pounds  to  a  pull  of  20 
pounds,  its  length  is  increased  0.022  foot.  Thorough  knowledge  of 
this  one  point  could  explain  many  errors  that  have  been  deemed  acci- 
dental. 

In  the  treatment  of  temperature  we  reach  the  most  important  influ- 
ence which  affects  the  variation  from  standard  in  a  steel  tape.  This 
correction  is  by  far  the  mostdifficult  to  make,  for  the  tape  is  extremely 
sensitive,  and  responds  to  changes  of  temperature  more  quickly  than 
the  average  thermometer.  It  is  affected  by  almost  everything  upon 
which  it  rests.  A  grassy  meadow,  a  brick  or  asphalt  pavement,  an 
open  road  or  a  shaded  pathway,  all  create  changes  in  its  length  which 
even  a  delicate  attached  thermometer  fails  to  indicate.  Tapes  in  the 
sunlight  are  much  warmer  than  the  surroundiug  atmosphere.  On  a 
clear  or  windy  day,  or  when  the  air  and  ground  differ  in  temperature 
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many  degrees,  it  is  impossible  to  obtain  accurately  the  variations  of 
the  tape.  For  these  reasons  it  has  been  found  that  still,  cloudy 
days,  or  days  on  which  there  is  a  light  drizzling  rain,  give  very  favor- 
able results,  while  the  utmost  possible  accuracy  has  been  obtained  by 
making  measurements  on  quiet  calm  nights.  Steel  tapes  are  stan- 
dardized at  62  degrees  Fahrenheit,  which  Professor  Johnson  thinks  is 
too  low.  He  recommends  80  degrees  instead,  since  most  of  the  practi- 
cal work  is  done  in  warm  months  and  in  good  weather. 

It  is  not  necessary  to  dwell  here  upon  the  methods  for  determining 
temperature  correction,  as  they  are  treated  at  length  in  all  standard 
works  on  surveying.  In  Philadelphia  some  of  the  survey  districts  arbi- 
trarily make  an  allowance  of  0.02  foot  for  each  100  feet  as  a  temper- 
ature correction,  deducting  that  amount  in  summer  and  adding  it  in 
winter.  A  more  scientific  method  is  to  attach  one  or  more  delicate 
thermometers  to  the  tape,  and  make  an  actual  allowance  of  0.01  foot  in 
100  feet  for  each  16  degrees  variation  from  the  standard  of  62  degrees. 

It  is  to  be  greatly  regretted  that  engineers,  in  this  country  at  least, 
do  not  make  a  more  general  use  of  stadia.  Except  where  a  degree  of 
accuracy  is  required  that  is  to  be  checked  by  a  mathematical  calcula- 
tion, we  know  of  no  method  of  measuring  that  gives  more  satisfactory 
results.  Quick,  reasonably  accurate,  economical,  and  adapted  to  every 
kind  of  country,  the  method  has  advantages  which  ought  to  appeal 
alike  to  the  practical  and  scientific  training  of  every  engineer.  In  our 
own  practice  we  employ  this  method  constantly,  with  an  ever-increas- 
ing confidence  in  its  usefulness.  For  preliminary  topographical  work 
it  is  unequaled,  a  fact  to  which  our  attention  was  called  by  an  illustra- 
tion under  our  personal  observation  :  A  competitive  railroad  survey 
was  made  in  a  very  rough  mountainous  country  by  two  parties,  one 
employing  the  usual  method  and  the  other  stadia.  The  saving  by  the 
latter  method  in  time  and  men  was  fully  50  per  cent. ;  and  the  tracings 
of  the  two  surveys,  drawn  to  the  same  scale,  when  compared,  showed 
uo  practical  difference. 

Gribbie  states  that  in  making  a  railroad  survey  of  the  gorges  of 
Hawaii  it  was  found  that  neither  triangulation  nor  chain  surveying 
could  afford  as  great  a  degree  of  accuracy  as  stadia,  and  in  rapidity  there 
was  no  comparison.  Our  own  experience  in  locating  the  outlines  of 
marshes  and  the  low- water  mark  of  tidal  bodies  corroborates  this  tes- 
timony. 
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The  limit  of  error  allowed  in  the  measurement  of  base-lines  for 
primary  triangulation  is  1  in  1,000,000,  affording  us  the  highest  stan- 
dard of  accuracy.  This  standard  was  reached  by  Professor  Ed.  Jaederin, 
of  Stockholm,  by  tape-line  measurements,  although  he  eliminated  the 
temperature  error  by  using  simultaneously  two  tapes  of  different  metals. 

In  the  "American  Society  Proceedings "  for  1893  an  instance  is 
given  where  the  degree  of  accuracy  reached  is  1  in  759,000.  The 
tape  used  was  300  feet  long;  the  length  of  the  line,  which  was  the 
base  for  a  secondary  triangulation,  was  6663  feet.  No  measurement 
was  made  in  the  sun. 

On  the  Missouri  River  Survey,  with  a  length  of  a  base  of  9870  feet, 
with  a  tape  300  feet  long,  the  greatest  degree  of  accuracy  attained 
was  an  error  of  1  in  533,000.     This  line  was  measured  at  night. 

For  city  work  with  spring  balance  and  thermometer  attachments,  a 
minimum  error  can  be  reached  of  1  in  40,000.  When,  however,  the 
sag  and  temperature  are  both  estimated,  the  error  averages  about  1  in 
5000. 

To  one  unaccustomed  to  the  use  of  the  stadia,  its  accuracy  is  sur- 
prising. 

In  the  "  Proceedings  of  the  Boston  Society  of  Civil  Engineers" 
for  October,  1893,  in  describing  a  new  prismatic  stadia  attachment, 
Mr.  Robert  H.  Richards  states  that  in  sights  varying  from  2000  feet 
to  3000  feet  the  error  ranges  from  0.02  to  0.1  of  1  per  cent. 

In  Europe,  with  delicately  constructed  instrument,  skilfully  han- 
dled, spider  web  attachment,  the  error  averages  1  in  2000. 

On  the  United  States  Lake  Survey  for  1875,  with  lengths  of  read- 
ings varying  from  400  feet  to  650  feet,  the  error  was  from  1  in  1200 
to  1  in  1500. 

We  have  found  that,  with  care,  a  Philadelphia  rod  will  give  an 
accuracy  of  1  in  1000,  sights  not  exceeding  600  feet  in  length.  On 
rapid  work,  however,  the  error  averages  about  1  in  650. 

At  this  date  it  is  difficult  to  obtain  any  knowledge  concerning  the 
accuracy  of  the  old  chain  measurements.  Burt  states  that  the  average 
error  in  surveying  by  chain  the  public  lands  of  the  United  States  was 
1  in  500;  frequently  the  error  was  1  in  220,  and,  under  most  favor- 
able conditions,  1  in  1600. 

On  the  Northern  Pacific  preliminary  railroad  survey  the  error  was 
1  in  1000. 
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Seventy  miles  of  the  finished  track  of  the  Illinois  Central  Railroad 
were  measured  by  chain  in  1885,  and  showed  an  accuracy  of  1  in  2360. 
The  conditions  here  were  most  favorable,  and  the  results  can  be  taken 
as  the  highest  standard  that  can  be  attained  by  the  chain  method. 

DISCUSSION. 

Mr.  Franklin. — I  beg  to  express  my  thanks  to  Mr.  J.  0.  Clarke  for  the  use 
of  a  diagram  that  he  has  especially  prepared  for  this  paper,  showing  the  relation 
of  sag  and  stretch.  Will  Mr.  Clarke  kindly  explain  what  he  has  done  in  connec- 
tion with  the  diagram  ? 

J.  0.  Clarke. — My  attention  was  first  drawn  to  the  subject  in  beginning 
work  on  the  revision  of  the  city  plan  in  Germantown,  in  1806,  and  the  first  thing 

I  wanted  to  fiud  out  was  the  proper  pull  for  a  tape.  Nobody  seemed  to  be  able 
to  tell  me.  The  tension  used  by  different  engineers  varied  from  20  to  40  pounds. 
On  going  over  the  subject  in  Professor  Johnson's  book  on  surveying,  I  found 
that  his  diagrams  were  not  platted  exactly  in  accordance  with  the  figures  given 
in  the  table,  and  that  the  results  for  very  heavy  pulls  had  not  been  computed. 
My  first  results  were  obtained  by  the  use  of  the  equation  of  the  catenary,  but  the 
calculations  were  very  laborious,  and  later  the  equation  of  the  parabola  was  used. 
Within  reasonable  limits— that  is,  near  the  point  of  normal  tension — there  is  no 
appreciable  error  from  the  equation  of  the  parabola ;  and  for  heavy  pulls  where 
the  error  from  sag  is  very  slight,  it  is  practically  more  exact  than  the  catenary, 
unless  logarithms  to  more  than  seven  places  be  used.  The  parabola  is  much 
easier  to  work  with,  because  the  error  from  sag  varies  directly  as  the  cube  of  the 
span  and  inversely  as  the  square  of  the  pull.  The  errors  from  sag  were  tabu- 
lated for  tapes  weighing  J  of  a  pound  per  100  feet,  for  lengths  from  25  feet  to 
300  feet,  and  for  pulls  of  from  1  pound  to  50  pounds.  These  errors  were  platted 
for  a  total  measurement  of  1000  feet,  and  the  plus  error  from  stretch  for  1000 
feet  of  tape  was  then  computed  and  platted.  The  point  where  the  curve  of  sag 
error  is  crossed  by  the  line  of  stretch  error  gives  the  normal  tension  for  that  par- 
ticular tape  length,  and  the  ordinate  between  the  two,  below  or  beyond  the  point 
of  normal  tension,  gives  the  plus  or  minus  error  for  that  pull. 

The  results  are  curious.     The  normal  tension  for  an  ordinary  tape  is  between 

II  and  12  pounds,  while  the  minus  error  for  a  pull  of  20  pounds  is  0.024  per  100 
feet  A  pull  of  12  pounds  was  adopted  as  being  the  nearest  practical  pull  for 
normal  tension.  The  work  could  not  be  done  at  night,  and  it  was  impossible  to 
wait  for  the  most  favorable  weather — cloudy  days.  A  slight  breeze  of  5  miles 
an  hour  will  nearly  make  up  the  difference  between  a  pull  of  1 1 J  and  12  pounds, 
because  the  tape  is  very  susceptible  to  light  winds  at  that  tension. 

To  convince  practical  men,  who  did  not  credit  the  results  of  the  calculations,  I 
compared  two  measurements  of  a  line,  made  under  exactly  the  same  conditions 
and  on  the  same  day  at  12  and  20  pounds  tension.  Under  12  pounds  the  meas- 
urement was  2241.593  feet.  With  20  pounds,  the  length  was  2241.051,  and, 
reducing  this  0.024  per  hundred,  the  length  at  12  pounds  should  be  2241.589 — 
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a  difference  of  less  than  TJ^  of  a  foot.    The  actual  error,  then,  in  that  distance 
was  0.538  and  the  measurements  were  made  uuder  precisely  the  same  conditions. 
With  a  35  -pound  pull  the  error  for  1000  feet  is  0.535,  and  that  is  not  an  unusual 
pull. 
In  another  series  of  measurements,  on  a  line  3600  feet  long,  the  difference 
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between  the  reduced  and  actual  measurement  was  about  0.14,  but  the  conditions 
were  not  identical  and  the  wind  was  most  too  high  for  a  12-pound  pull. 

In  measuring,  the  tape  was  lined  up  with  the  transit  and  leveled  with  a  hand- 
level.  The  head  chainman  ran  the  spring  balance  and  I  set  the  points  myself. 
All  measurements  were  gone  over  twice,  the  old  points  being  destroyed  and 
relocated  for  the  second  reading.  The  difference  between  the  two  on  the  same 
day  and  under  the  same  conditions  was  hardly  noticeable. 
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Mr.  Bloch. — I  have  a  record  of  a  few  tests  of  a  Chesterman  tape,  made  by 
the  United  States  Government,  of  a  tape  under  three  different  tensions.  I 
might  say  that  a  Chesterman  tape  seems  to  be  about  0.01  of  a  foot  too  long, 
from  the  United  States  standard  measurement,  and  that  every  Chesterman  I 
had  tested  by  the  United  States  Government  always  resulted  in  0.013  or  0.015 
of  a  foot  when  reduced  to  60°  temperature.  The  Chesterman  tape  would  be 
correct  at  about  48°  or  45°,  according  to  the  tape,  at  a  pull  of  10  pounds.  These 
values  are  given  at  62°  by  the  United  States  Government.  This  tape  was  tested 
at  different  tensions.  At  10-pound  tension  it  was  plus  0.013  of  a  foot,  at  20- 
pound  tension  it  was  plus  0.034  of  a  foot,  and  at  30-pound  tension  it  was  plus 
0.052  of  a  foot     It  increases  as  the  tension  increases. 

Ma.  Clarke. — Have  you  the  weight  of  the  tape  tested  ? 

Mr.  Bloch. — No  ;  it  was  an  ordinary  Chesterman.  I  do  n't  know  how  much 
it  weighed. 

Mr.  Clarke. — The  tapes  we  had  tested  gave  the  result  of  0.013,  and  the 
stretch  for  a  10-pound  pull  was  about  0.0165. 

Mr.  Bloch. — That  shows  that  the  Chesterman  tape  was  stretched  about  half 
an  inch  by  an  additional  pull  of  20  pounds — the  difference  between  10  pounds 
and  30  pounds. 

Mr.  Clarke. — It  might  be  interesting  to  compare  those  figures  with  the  re- 
suite  from  this  table.  The  stretch  for  10  pounds  is  0.016  ;  the  stretch  for  20 
pounds  is  about  0.033  ;  and  for  30,  about  0.049.  They  correspond  very  closely. 
The  Bureau  of  Weights  and. Measures  never  made  any  correction  for  pull,  and 
they  always  said  that  the  tape  was  reduced  to  62°  with  a  pull  of  10  pounds,  and 
that  is  close  to  0.016. 

Mr.  Bloch.— They  will  test  it  at  any  pull  that  is  desired. 

Mr.  Clarke. — Practically  the  tape  would  be  all  right  at  62°  under  a  1 2-pound 
pull. 

Mr.  Bloch. — A  Chesterman  tape? 

Mr.  Clarke. — Yes;  it  ought  to,  if  it  weighs  about  the  same  as  the  Eddy 
tape. 

Mr.  Bloch. — With  10  pounds  it  is  almost  a  hundredth  too  long. 

Mr.  Clarke. — Yes  ;  but  when  you  measure,  you  have  the  sag  to  counteract 
that,  which  amounts  to  0.021.  Here  is  the  sag,  minus  0.021,  so  that  the  tape 
would  be  eight-thousandths  short  with  a  pull  of  10  pounds.  With  a  pull  of  12 
pounds  the  two  equalize.  I  could  not  understand  at  first  why  the  tape  was 
0.013  longer,  but  on  looking  at  the  diagram  I  found  that  it  was  the  stretch  due 
to  a  10-pound  pull. 

Mr.  Bloch. — The  deeds  in  the  city  of  Philadelphia  are  all  located  from  street 
corners,  in  general,  according  to  district  standards,  and  the  fronts  are  in  district 
standard,  and  all  these  records  have  accumulated  for  years ;  the  properties  would 
have  to  be  reconveyed  and  an  entire  new  system  adopted ;  so  I  think  a  judge 
would  hesitate  a  long  while  before  he  would  upset  the  standard. 

Walter  Brinton. — I  do  not  know  that  I  have  anything  new  to  offer.     I 
have  been  very  much  interested  in  the  technical  part  of  the  discussion  and  in 
4 


Digitized  by  CjOOQIC 


128      Franklin — Standards  of  Measurements  in  Field  Engineering. 

Mr.  Clarke's  figures.  I  think  that  is  a  very  interesting  study ;  but  I  wish  to 
say  that  my  experience  with  young  men  in  measuring  and  surveying,  leads  me  to 
believe  that  the  best  measurers  that  I  have  come  in  contact  with  are  men  who 
know  nothing  about  the  modulus  of  elasticity  or  the  catenary  curve  of  a  steel 
tape-line.  It  is  a  matter  which  must  come  to  the  man  as  he  goes  along  with  his 
work.  That  is,  I  mean  to  say  that  the  young  man  who  goes  out  in  the  morning 
to  make  a  survey  with  his  tape-line  dragging  along  in  the  ice  and  snow,  if  he  is  a 
man  of  experience,  will  know  how  much  allowance  to  make ;  and  if  it  is  drag- 
ging along  in  summer-time  on  hot  pavements,  his  own  experience  will  teach  him 
how  hard  to  pull.  As  I  said  before,  the  best  surveyors  with  whom  I  have  come 
in  contact  are  men  who  get  this  information  from  practical  experience  rather  than 
from  the  text-books. 

One  word  as  to  the  city  standard  :  I  can  easily  see  how  a  person  who  has  not 
been  familiar  with  the  plan  in  the  city  measurements  can  wonder  or  be  perplexed 
to  know  how  a  city  the  size  of  Philadelphia,  in  which  surveying  has  been  carried 
on  for  so  many  years,  has  not  been  liable  for  more  actions  in  law  over  those 
measurements ;  but  it  was  a  measurement  that  was  established  here  when 
William  Penn  first  laid  out  the  city,  and  Thomas  Holmes,  his  surveyor,  used  this 
measurement,  and  the  same  standard  measurement  has  been  continued  as  the 
city  has  advanced  and  new  sections  have  been  laid  out.  I  have  never  known,  in 
twenty  years'  experience,  of  any  complications  arising  from  the  fact  of  the  city 
standard  differing  from  the  regular  United  States  standard  measure. 

John  C.  Trautwine,  Jr. — I  have  nothing  to  contribute  to  the  discussion, 
but  what  has  been  said  about  the  pulls  in  steel  tapes,  and  the  corresponding 
deflections,  reminds  me  of  the  unconscious  rhyme  made  by  some  noted  authority 
— Whewell,  I  believe  :  "  There  is  no  force,  however  great,  can  stretch  a  cord, 
however  fine,  into  a  horizontal  line  that  shall  be  absolutely  straight." 

Mr.  Nichols. — I  would  like  to  ask  one  question — with  regard  to  the  city 
standard.  Are  we  to  understand  that  these  original  measurements  were  pur- 
posely measured  3  inches  longer  for  each  100  feet,  or  was  it  merely  an  accident? 
Are  there  any  records  established  showing  that  it  was  purposely  measured  those 
lengths — any  records  that  check  up  and  show  that  it  was  according  to  a  standard  ? 
Now,  with  regard  to  this  50- foot  or  lot  front,  whatever  it  may  be — I  have  had  a 
little  experience  in  measuring  corners  and  lots  from  original  surveys  where  I  have 
found  the  original  corners  as  established,  and  I  have  found  very  few  but  where 
there  was  either  a  shortage  or  an  overplus  in  length.  Of  course,  in  a  case  of 
that  sort,  where  the  intermediate  points  are  not  established,  we  simply  appor- 
tioned it  up. 

Mr.  Schumann.— Did  I  understand  Mr.  Franklin  to  say  that  the  rod  is  now 
obsolete  ?    Of  course  the  rod  is  still  used  to  measure  base-lines. 

Mr.  Franklin. — I  am  under  the  impression  that  it  is  very  rarely  used  now. 
I  desire  to  state,  with  regard  to  the  former  use  of  the  measuring  rod,  that  Mr. 
Fritz  Bloch  has  a  very  interesting  sketch  in  one  of  his  calculation  books,  made 
in  1806,  of  the  old  type  of  trussed  rod  used  for  city  measurements.     Through 
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his  courtesy,  I  had  a  photograph  taken.  The  cut  is  taken  from  this  photo- 
graph. 

This  cut  represents  the  old  form  of  measuring  rod  used  iu  the  city  of  Phila- 
delphia in  the  early  part  of  this  century.  It  was  photographed  from  a  water- 
color  sketch  found  in  one  of  Mr.  Bloch' s  calculation  books,  and  bears  the  date 
1806. 

The  rod  is  20  feet  long,  and  is  divided  into  feet,  with  subdivisions  of  tenths  and 
hundreths.  It  is  provided  with  leveling  attachments  at  the  ends,  and  with  an 
index  and  plumb  bobs,  so  that  the  end  of  the  line  measured  can  be  accurately 
taken  off. 


Fig.  2. 


Grouped  near  the  rod  are  the  various  surveying  instruments  in  use  at  that 
date,  such  as  the  level,  level  and  transit  rods,  and  surveyor's  compass. 

Mr.  Bloch  states  that  in  remeasuring  the  lines  of  that  portion  of  his  district 
in  which  this  type  of  rod  was  used,  he  found  the  average  error  to  be  only  0.01 
ft.  per  100  ft.,  showing  a  high  degree  of  accuracy  for  that  period. 

A  Member. — Regarding  the  allowance  in  a  hundred  feet ;  in  New  York,  on 
any  surveys,  you  have  to  allow  0.3  of  an  inch  in  a  hundred  feet.  Some  years 
ago  we  were  settling  the  right  of  way  of  owners  on  the  Pennsylvania  Railroad, 
and  the  land  was  sold  under  that  condition. 

Mr.  Bloch. — With  regard  to  this  matter  of  whether  the  standard  was  pur- 
posely made  or  whether  it  was  due  to  an  inaccuracy  in  the  chain  in  Penn's  time, 
I  do  not  know  that  we  have  any  records,  but  it  was  evidently  so  found  when  the 
United  States  standard  was  established.     It  was  found  that  the  standards  in  the 
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city  measured  longer  than  the  United  States  standard  about  3  inches  in  every  100 
feet,  and  after  that,  as  different  sections  of  the  city  were  laid  out,  that  same 
standard  of  measurement  was  used,  I  suppose  the  idea  being  not  to  have  one 
portion  laid  out  in  one  standard  and  another  in  another  standard.  In  different 
parts  of  the  city  now  the  general  standard  is  about  3  inches  in  100  feet,  and  in 
a  good  many  districts  that  standard  prevails  throughout  the  whole  district  I 
think  it  does  in  Mr.  Webster's  district. 

Mr.  Webster. — Pretty  much. 

Mr.  Bloch. — Of  course,  there  are  at  all  times  factors  in  a  measurement  so 
that  you  can  not  establish  the  accuracy  entirely.  You  probably  have  to  have  an 
allowance  of  about  two-hundredths  to  the  hundred  feet.  Of  course,  as  Mr. 
Franklin  said,  one  can  not  judge  the  temperature  of  the  tape ;  and  no  matter 
how  accurate  one  may  want  to  get  it  theoretically,  yet  no  one  can  get  it  perfectly 
accurate  practically.  The  temperature  at  which  the  measuring  is  done  can  not 
be  obtained.  All  the  work  can  not  be  done  at  night ;  that  would  not  be  a  prac- 
tical way  of  doing  things,  so  things  have  to  be  done  in  a  practical  way  ;  and  it 
would  not  be  practical  to  start  using  the  United  States  standard  in  the  city  of 
Philadelphia,  for  the  city  plans  are  all  made  in  district  standard,  and  the  deeds 
and  lots  are  supposed  to  sum  up  to  the  block  distances  as  given  on  the  city  plans, 
and  if  one  started  to  vary  any  of  them,  endless  confusion  would  result 

A  Member. — Are  the  standards  more  uniform  than  the  old  ? 

Mr.  Bloch. — Yes,  more  uniform.  I  am  familiar  with  the  districts  using 
similar  standard.  Mr.  Franklin  said  in  one  district  it  was  0.008.  I  do  not  know 
what  district  that  is. 

Mr.  Franklin.— The  allowances  vary  from  0.08  of  a  foot  to  0.027  of  a  foot 
per  100  feet. 

Mr.  Webb. — They  are  all  larger. 

Mr.  Clarke. — It  seems  to  me  there  is  a  little  misunderstanding  about  this 
question  of  pull.  I  don't  think  Mr.  Franklin  advocated  a  12-pound  pull  for  all 
measurements  in  all  work.  I  think  it  ought  to  be  about  20  pounds  for  rough 
work,  and  most  work  is  done  with  a  pull  of  about  that  amount 

Mr.  Franklin. — 1  think  a  normal  tension  of  12  pounds  is  sufficient  with 
favorable  conditions.     A  reduction  ought  to  be  made  for  the  pull  of  20  pounds. 

Mr.  Bloch. — I  think  a  pull  of  12  pounds  is  the  proper  thing. 
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Business  Meeting,  January  5,  1901.— The  President  in  the  chair.  Eighty- 
five  members  and  visitors  present. 

The  death  of  James  S.  Do  ran  was  announced. 

Mr.  Charles  S.  Go  wen  gave  an  informal  lecture  upon  "The  New  Croton  Dam, 
New  York,"  illustrated  with  lantern  reproductions  of  drawings  and  views  of  the 
work.  The  subject  was  discussed  by  Messrs.  Schermerhorn,  Birkinbine,  Hill,  Web- 
ster, and  others. 

The  Tellers  reported  the  election  of  Messrs.  Horatio  A.  Foster,  John  V.  Rice,  Jr., 
Chr.  J.  Steen,  N.  J.  Witmer,  and  Augustus  Wood  to  active  membership,  and 
Messrs.  Alan  Corson  and  W.  Purves  Taylor  to  junior  membership. 

Annual  Meeting,  January  19, 1901. — The  President  in  the  chair.  Eighty-two 
members  and  visitors  present. 

The  death  of  P.  C.  F.  West  was  announced. 

The  annual  report  of  the  Board  of  Directors  and  that  of  the  Treasurer  were  pre- 
sented, the  latter  containing  an  addition  of  the  certification  of  the  Auditors  as  to  its 
accuracy. 

In  accordance  with  the  requirements  of  Article  VII,  Section  2,  of  the  By-Laws, 
the  Treasurer  reported  the  names  of  one  associate  and  six  active  members  stricken 
from  the  rolls  on  December  31,  1900,  for  arrears  in  dues  to  the  Club. 

Professor  Edgar  Marburg,  retiring  President,  presented  a  paper  upon  "  Nine- 
teenth Century  Engineering :  Its  Evolution  and  Something  of  its  Beginnings  in 
America." 

The  Tellers  reported  the  election  of  the  following  officers  for  1901 :  President, 
Henry  Leffmann  ;  Vice-President,  Edwin  F.  Smith  ;  Secretary,  L.  F.  Rondinella  ; 
Treasurer,  George  T.  Gwilliam  ;  Directors,  Silas  G.  Comfort,  Minford  Levis,  and 
W.  B.  Riegner. 

The  retiring  President  thanked  the  Club  for  the  assistance  which  he  had  received 
in  performing  his  duties  during  the  past  year,  and  congratulated  the  members  upon 
the  healthy  condition  shown  by  the  annual  reports. 

Business  Meeting,  February  2,  1901.— The  President  in  the  chair.  Seventy- 
two  members  and  visitors  present. 

Mr.  Charles  Piez  read  a  paper  upon  '*  Chains  and  Chain  Gearing."  The  subject 
was  discussed  by  Messrs.  Spackman,  Schermerhorn,  and  others. 

The  Tellers  reported  the  election  of  Messrs.  Charles  F.  Knight  and  Frederick 
Transom  to  active  membership,  and  Messrs.  H.  E.  Ehlers  and  Owen  Brooke  Evans 
to  junior  membership. 

Reg u lab  Meeting,  February  16,  1901. — The  President  in  the  chair.  Sixty- 
six  members  and  visitors  present. 
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Mr.  Benjamin  Franklin  read  a  paper  upon  "  Variations  and  Uses  of  the  Standards 
of  Measurements  Employed  in  Field  Engineering,"  and  Mr.  A.  V.  Hoyt  presented 
a  paper  upon  "  Criticisms  on  the  Art  of  Land  Surveying,  as  Followed  by  Civil  and 
Mining  Engineers.'1  The  general  subjects  of  land  measurement  and  of  the  relative 
advantages  of  theory  and  practice  were  discussed  by  Messrs.  Clarke,  Bloch,  Webb, 
Brin ton,  Trautwine,  and  others. 

Regular  Meeting,  March  2,  1901.— The  President  in  the  chair.  Seventy  - 
nine  members  and  visitors  present 

Mr.  F.  Lynwood  Garrison  delivered  an  address  on  "Some  Notes  in  China  by  an 
American  Engineer,"  in  which  he  described,  with  the  aid  of  lantern  illustrations, 
some  of  the  observations  which  he  had  made  during  a  recent  visit  to  China. 

Regular  Meeting,  March  16,  1901. — The  President  in  the  chair.  Seventy- 
seven  members  and  visitors  present. 

Mr.  John  C.  Trantwine,  Jr.,  presented  a  paper,  "The  Queen  Lane  Reservoir, 
Philadelphia,"  this  being  the  last  of  a  series  of  papers  on  the  Queen  Lane  Division 
of  the  Waterworks  of  Philadelphia  which  were  prepared  for  the  Club  by  present  or 
former  officials  of  the  city's  Bureau  of  Water. 
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Special  Meeting,  January  5,  1901.— Present :  The  President,  the  Vice-Presi- 
dents, Directors  Levis,  Sonder,  Christie,  and  Smith,  the  Secretary,  and  the 
Treasurer. 

The  Treasurer's  annual  report  was  received  and  adopted  for  presentation  to  the 
Club. 

The  Chairman  of  the  Executive  Committee  presented  the  annual  report  of  the 
Board  of  Directors,  which,  after  slight  amendment  and  the  addition  of  an  itemized 
classification  of  monthly  expenses  for  the  year  1900,  was  accepted  for  publication. 

Upon  motion  the  chair  appointed  the  Treasurer  and  Chairman  of  the  Finance 
and  House  Committees  as  a  special  committee  to  prepare  a  statement  of  the  Club's 
assets  and  liabilities  to  be  appended  to  the  annual  report,  and  the  Chairman  of  the 
Executive  Committee  was  authorized  to  have  the  annual  reports  of  the  Board  of 
Directors  and  the  Treasurer  and  the  statement  of  assets  and  liabilities  printed,  to 
be  mailed  to  each  member  with  the  next  meeting  notice. 

Regular  Meeting,  January  19,  1901. — Present :  The  President,  the  Vice- 
Presidents,  Directors  Souder,  Christie,  Piez,  and  Smith,  the  Secretary,  and  the 
Treasurer. 

The  Treasurer's  report  showed  : 

Balance,  November  30,  1900, $769.48 

December  receipts, 1141.31 

$1910.79 
December  disbursements, 827.44 

Balance,  December  31,  1900, $1083.35 

At  the  suggestion  of  the  Secretary,  he  was  authorized  to  add  a  foot-note  to  the 
minutes  of  December  15th  explaining  that  the  balance,  November  30th,  therein 
reported,  did  not  include  $200  set  aside  at  three  per  cent,  interest. 

The  question  of  readjusting  the  selling  prices  for  back  numbers  of  our  "  Pro- 
ceedings "  was  referred  to  the  Publication  and  Library  Committees  for  their  joint 
action. 

Organization  Meeting,  January  26,  1901. —Present :  The  President,  the 
Vice-Presidents,  Directors  Christie,  Piez,  Comfort,  Levis,  and  Riegner,  the  Secre- 
tary, and  the  Treasurer. 

The  President  stated  that  the  election  of  Mr.  Smith  to  the  Vice-Presidency 
created  a  vacancy  for  a  Director  to  serve  until  January,  1902.  Mr.  Charles  Hewitt 
was  thereupon  nominated,  and  upon  motion  the  Secretary  cast  the  ballot  of  the 
Board  for  his  election. 

The  President  announced  the  following  standing  committees  for  the  year  1901, 
the  first-named  in  each  case  being  chairman  : 
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Finance:  Messrs.  Smith,  Levis,  Riegner. 

Membership :  Messrs.  Piez,  Comfort,  Hewitt. 

Publication :  Messrs.  Comfort,  Schermerhorn,  Piez. 

Library :  Messrs.  Christie,  Riegner,  Hewitt. 

Information :  Messrs.  Schermerhorn,  Christie,  Hewitt. 

House :  Messrs.  Levis,  Smith,  Riegner. 

The  matter  of  increasing  the  salary  of  the  office  clerk,  which  was  referred  with 
a  favorable  recommendation  by  the  oat-going  Board,  was  considered,  and  upon 
motion  the  salary  of  Mr.  Fred'k  W.  Myers  was  fixed  at  $70  per  month  from  January 
1,  1901,  with  the  understanding  that  he  will  also  act  as  Librarian. 

Telleraof  Election  are  as  follows:  Messrs.  Osbonrn,  Loom  is,  Devereux,  Hub- 
bard, Head,  and  Bradley. 

Auditors  for  1901  :  Messrs.  Dallett,  Spangler,  and  Humphrey. 

The  Treasurer  was  authorized  to  deposit  $500  more  of  the  Club's  cash  balance 
in  the  West  End  Trust  Co.  at  three  per  cent,  interest. 

Regular  Meeting,  February  16,  1901.— Present :  The  President,  the  Vice- 
Presidents,  Directors  Christie,  Hewitt,  Comfort,  Levis,  and  Riegner,  and  the  Sec- 
retary. 

The  Treasurer's  report  showed  : 

Balance,  December  31,  1900, $1083.35 

January  receipts,      1832.75 

$2916.10 
January  disbursements, 421.83 

Balance,  January  31,  1901, $2494.27 

The  Finance  Committee  reported  the  following  requests  for  appropriations  from 
standing  committees  for  the  year  1901  ;  and  upon  motion  the  amounts  were  appro- 
priated, one-half  to  be  available  before  August  1st : 

House  Committee,    .   .    .  „ $3110.00 

Publication, 1000.00 

Library,      100.00 

Information,      100.00 

Salaries, 1140.00 

Office  Expenses, 450.00 

$5900.00 

Regular  Meeting,  March  16,  1901.— Present:  The  President,  Vice-President 
Smith,  Directors  Christie,  Piez,  Hewitt,  Comfort,  Levis,  and  Riegner,  and  the  Sec- 
retary. 

The  Treasurer's  report  showed  : 

Balance,  January  31,  1901, $2494.27 

February  receipts, 569.25 

$3063.52 
February  disbursements, 530.90 

Balance,  February  28th, $2532.62 
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Fkom  State  Board  of  Health,  Boston. 
Report  upon  Discbarge  of  Sewage  into  Boston  Harbor,  1900. 

From  Commissioner  of  Patents,  Washington. 
Annual  Report,  1899. 

From  Chief  of  Bureau  of  Steam  Engineering,  Washington. 
Annual  Report,  1900. 

From  War  Department,  Washington. 
Annual  Report  of  Brigadier-General  Wm.  Ludlow,  U.  S.  Army,  July  1,  '89  to 
May  1,  1900. 

From  Treasury  Department,  U.  S.  Coast  and  Geodetic  Survey. 
The  Transcontinental  Triangulation  and  the  American  Arc  of  the  Parallel. 

From  Boston  Transit  Commission. 
Sixth  Annual  Report,  August  15,  1900. 

From  University  of  Pennsylvania. 
The  Provost's  Report,  August  31,  1900.    Catalogue,  1900-'0J. 

From  Benj.  Smith  Lyman,  Phila. 

A  Geological  and  Typographical  Map  of  the  Shippen  and  Wetherill  Tract,  Schuyl- 
kill County,  Pa.,  Benj.  Smith  Lyman  and  A.  D.  W.  Smith.  Also  pamphlets  on 
Movements  of  Ground  Water.  Notes  on  Mine  Surveying  Instruments.  Japanese 
Swords.     Importance  of  Topography  in  Geological  Surveys. 

From  Am.  Inst.  Mining  Engineers. 
February  pamphlets,  1901. 

From  Am.  Society  Civil  Engineers. 
Transactions,  Vol.  XLIV,  Dec.,  1900. 

From  Am.  Philosophical  Society. 
Proceedings,  Vol.  XXXIX,  No.  164,  Oct. -Dec,  1900. 

From  U.  S.  Geological  Survey. 
Monographs,  Vol.  XXXIX.     Bulletins,  163-176. 

From  Chief  of  Engineers,  War  Department,  Washington. 
Report,  1900,  Parts  1-6. 
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From  Smithsonian  Institute,  Washington. 
Report,  1898. 

From  Liverpool  Engineering  Society. 
Transactions,  Vol.  XXI,  26th  Session. 

From  the  Osborn  Engineering  Co.,  Cleveland,  O. 
Pamphlet :  Abolishment  of  Grade  Crossings,  Report  of  Special  Committee,  Dec 
18,  1900. 

From  Illinois  Soc.  Engineers  and  Surveyors. 
Fifteenth  Annual  Report,  1900. 

From  Patterson  &  White,  Phila. 
Ciuh  Directory  of  Philadelphia,  1901. 

From  Engineers'  Society  op  Western  New  York. 
Minntes  of  Meetings. 

From  Emil  L.  Nuebling,  Reading,  Pa. 
Electrolysis  of  Water  Mains.     Report,  Oct.,  1900. 

From  U.  S.  Geological  Survey. 
Topographic  Sheets,  State  of  Penna. 

From  Arthur  D.  Marble,  City  Engineer,  Lawrence,  Mass. 
Twenty-second  Annual  Report,  1899. 

From  Columbian  Field  Museum,  Chicago,  III. 
Report  Series,  Vol.  I,  No.  6,  1899-1900. 

From  Geological  Survey  op  Canada. 
Relief  Map  of  Canada  and  United  States,  1900. 

From  Univ.  of  California. 
Annual  Report  of  Secretary  to  the  Board  of  Regents,  June  30, 1900. 

From  Nova  Scotian  Institute  of  Science. 
Proceedings  and  Transactions,  Vol.  X,  Part  2,  1899-1900. 

From  Engineers'  Club  of  Cincinnati. 
Secretary's  Report  for  Year  Ending  Dec.  20,  1900.     List  of  Members. 

From  M.  G.  Canet,  Paris,  France.     * 
Discoursde  President  Sortant.     Societe  des  Ingenieurs  Civils  de  France,  1901. 

From  Theodore  A.  Leisen,  Wilmington,  Del. 
Report  of  Board  of  Park  Commissioners,  Wilmington,  1900. 

From  Am.  Soc.  Civil  Engineers. 
List  of  Members,  1901. 
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ERRATA,  VOL  XVIII,  NO.  ?. 


CHIMNEY  CONSTRUCTION. 
Page  164: 

Eighth  line  from  top  read  w    -   .  ,  instead  of  - .  ,, 

Seventh  line  from  bottom  read  (II)  instead  of  (I) )  Or  interchange  Figs.  I 
Fifth  line  from  bottom  read  (I)  instead  of  (II)        i      and  II,  page  165. 
Fourth  line  from  bottom  read  x  >  A;  instead  of  x  <  k. 

Second  line  from  bottom  read  p        ,   d  ■=       ;  instead  of  p       -r  ;  d    -       *' 

r        I  ay'  r        I  ay 

Page  166: 

Tenth  line  from  top  read  "  -( — : —  j  ;  instead  of  «  (  )  > 

Page  168:     . 

Twelfth  line  from  top  read  were  instead  of  where 
Sixth  line  from  bottom  read  lever  instead  of  level. 
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Editors  of  other  technical  journals  are  invited  to  reprint  articles 
from  this  journal,  provided  due  credit  be  given  the  Proceedings, 

PROCEEDINGS 

OF 

The  Engineers'  Club 

OF   PHILADELPHIA. 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  9,  1892. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  publications. 

VoL  XVm.  JULY,  J90J.  No*  3. 

THE  PARKER  STEAM  GENERATOR. 

A  NEW  TYPE  OF  WATER  TUBE  BOILER. 

HENRY   G.  MORRIS. 

Read  April  6,  1901. 

In  assuming  that  one  has  found  out  something  new,  it  is  well  to  ex- 
amine into  the  state  of  the  art  before  announcing  to  the  world  that  a 
new  discovery  has  been  made;  and  with  that  intention  in  view,  the 
writer  has  referred  to  N.  P.  Burgh's  "  Practical  Treatise  on  Boilers," 
which,  up  to  the  time  of  its  publication  in  1873,  gives  drawings  of  about 
all  the  forms  of  boilers  into  which  iron  had  been  tortured. 

In  the  portion  of  the  work  devoted  to  the  water  tube  type  no  refer- 
ence is  made  to  any  form  in  which  the  water  is  compelled  to  flow  down- 
ward. It  therefore  seems  that  the  form  of  boiler  now  presented  has 
some  justification  for  the  claim  of  being  a  new  type. 

This  is  a  straight  tube  boiler  with  a  reversed  circulation — that  is,  the 
water  flows  downward  as  it  is'heated  instead  of  upward,  and  the  steam 
is  taken  off  at  the  bottom  and  discharged  into  a  dry  steam  chamber 
where  it  is  kept  separate  from  the  water.  Superior  economy  is  claimed 
for  it  on  account  of  the  flow  of  the  water  and  the  gases  being  opposite  to 
each  other,  bringing  the  coldest  gases  in  contact  with  the  coldest  tubes. 

The  design  shown  (Figs.  1  and  2)  is  for  a  150  horse-power  unit,  having 
1500  square  feet  of  heating  surface  and  31.5  square  feet  of  grate.  There 
is  a  single  drum  42  inches  in  diameter  and  20  feet  long,  divided  into 
1  137 
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Fig.  2. — Sectional  Elevation — One  Drum  Design. 
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upper  and  lower  chambers,  and  96  tubes  3  inches  in  diameter  and  18 
feet  long.  A  steel  plate  or  "diaphragm"  divides  the  drum  into  two 
compartments.  The  rear  end  is  fastened  to  the  dished  head,  and  the 
front  end  is  attached  to  a  casting,  or  steam  space  head,  which  has  an 
opening  11  inches  by  15  inches  into  the  lower  chamber,  controlled  by  a 
swinging  non-return  valve.  The  valve  can  be  lifted  off,  and  the  open- 
ing serves  as  a  manhole.  A  small  by-pass  connects  the  steam  space  of 
the  water  chamber  with  the  dry  steam  chamber. 

The  tubes  are  arranged  in  vertical  groups,  technically  termed  "ele- 
ments," in  such  a  manner  as  to  form  a  number  of  flattened  coils.  The 
elements  in  this  case  are  six  in  number,  two  tubes  wide,  and  each  con- 
sists of  sixteen  tubes  expanded  into  malleable  iron  junction  boxes 
which  form  the  bends.  The  front  boxes  are  horizontal,  and  those  at 
the  rear  are  vertical,  the  connections  being  so  alternated  front  and  rear 
that  the  whole  sixteen  tubes  form  one  continuous  passage  for  the  water 
and  steam  from  top  to  bottom. 

The  boxes  have  hand  holes  opposite  each  tube  end,  with  inside  ground 
jointed  covers.  The  shape  of  the  boxes  leaves  four  openings  1 J  inches 
square  around  each  tube  for  access  to  the  soot  and  dust.  The  length  of 
the  tubes  gives  flexibility  and  the  boxes  can  be  separated  at  any  point 
for  the  removal  of  a  tube  or  the  baffles. 

The  upper  ends  of  the  elements  are  connected  by  short  nipples  ex- 
panded into  the  vertical  junction  boxes  and  into  the  steel  cross  box 
which  is  riveted  to  the  under  side  of  the  drum.  A  brass  disc  is  sus- 
pended in  each  of  these  vertical  boxes,  in  front  of  the  nipple,  and  acts  as 
a  check  against  reversals  of  the  flow.  The  lowest  tube  of  each  element 
is  connected  at  the  front  end  to  a  horizontal  steel  cross  box,  termed  a 
steam  collector,  which  delivers  the  combined  discharge  of  all  the  ele- 
ments through  two  upcast  pipes  to  the  dry  steam  chamber.  A  flanged 
steel  elbow  is  riveted  to  each  side  of  the  drum  just  above  the  diaphragm, 
and  the  upcast  at  each  front  corner  is  connected  to  it  by  a  flanged  joint. 

The  front  junction  boxes  rest  on  the  steam  collector,  and  the  whole, 
including  the  drum,  is  suspended  at  the  front  end  from  the  cross  beams 
above  in  the  usual  way.  At  the  rear  end  the  drum  is  suspended  from 
the  cross  beams,  but  has  no  connection  with  the  tubes.  The  rear  boxes 
rest  on  an  angle  bar  fastened  to  the  columns. 

The  baffles  for  directing  the  course  of  the  gases  are  placed  on  the 
third  and  eighth  rows  of  tubes;  they  consist  of  fire-brick  tiles  1$  by  4| 
inches  by  9  inches,  and  are  easily  removed  through  the  front. 

The  setting  and  front  are  of  the  usual  brick  and  iron  construction, 
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with  large  doors  for  access  to  the  boxes  both  front  and  rear.  The  front 
nozzle  is  for  safety  valves,  and  the  rear  one  is  the  steam  opening.  Mud 
plates  or  pans  are  placed  at  the  front  end  of  the  water  chamber  over  the 
openings  into  the  cross  box. 

The  openings  between  the  boxes  for  access  to  the  soot  are  shown, 
both  front  and  rear,  in  the  sectional  elevation.     A  space  will  be  noticed 
between  the  check  boxes  and  the  horizontal  boxes ;  this  is  to  permit  the 
separation  of  the  boxes  in  case  of 
need.     The    dimensions,    including 
17-inch  walls,  are  7  feet  4  inches 
wide,  18  feet  10  inches  long,  and  12 
feet  high  from  the  floor  to  the  top  of 
the  drum. 

A  detail  of  the  check  box  is  shown 
in  section  (Fig.  3),  illustrating  the 
method  of  suspending  the  valve,  and 
utilizing  the  end  of  the  nipple  for  a 
seat.  One  of  the  malleable  iron  junc- 
tion boxes  was  tested  to  2150  pounds 
per  square  inch,  and  a  capped  tube 
was  forced  out  of  the  hole  into  which 
it  had  been  expanded,  without  any 
injury  to  the  box.  The  tubes  are 
not  passed  through  the  hand  holes, 
wThich  permits  the  use  of  a  type  of 
hand  hole  cover  heretofore  imprac- 
ticable. The  covers  are  circular,  with  conical  ground  seats,  and  are 
passed  through  the  tube  holes  before  the  tubes  are  inserted.  The  tube 
holes  are  bored  3^-  inches,  and  the  hand  hole  2$  inches,  which  allows 
sufficient  margin  for  a  perfect  joint.  The  covers  have  guides  turned  to 
fit  the  bored  hand  holes,  and  it  has  been  found  safe  to  remove  the  bolt 
and  spider  and  turn  the  cover  to  stop  a  leak  while  under  steam  pres- 
sure. To  inspect  a  tube,  the  bolt  and  spider  are  removed,  and  the 
cover  is  passed  toward  the  other  end  of  the  box.  A  group  of  malleable 
iron  junction  boxes  is  shown  in  Fig.  4. 

The  covers  can  not  be  interchanged,  which  insures  the  replacement  of 
each  upon  the  seat  to  which  it  has  been  ground.  The  covers  are  re- 
placed after  inspection  without  the  necessity  of  cleaning  the  joints  or 
using  a  wrench.  After  pressure  is  on,  a  slight  turn  with  the  grinding 
key  brings  a  leaky  cover  to  its  seat  without  danger  or  waste  of  time. 


Fig.  3.— Section  of  Check  Box. 
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When  it  is  seen  that  all  the  joints  are  tight,  the  nuts  are  all  screwed  up 
sufficiently  to  prevent  disarrangement. 

In  operation  the  water  is  fed  into  the  drum  or  cross  box,  flows  into 
the  tubes  and  seeks  its  level  in  the  upcasts  and  drum.  The  working 
level  is  from  2  inches  to  12  inches  below  the  diaphragm.  When  the  fire 
is  started  the  water  is  soon  driven  out  of  the  upcasts  by  the  expansion 
of  the  water  into  steam  in  the  lower  tubes.    The  result  is  a  column  of 


Fig.  4. — Junction  Boxes. 

water  in  the  drum  and  tubes  against  a  column  of  steam  in  the  upcasts; 
the  water  flows  rapidly  downward,  but  is  evaporated  in  its  passage  so 
that  little  or  no  water  reaches  the  upcasts,  and  the  flow  is  thus  main- 
tained as  long  as  the  fire  is  kept  up.  The  flow  is  non-reversible  owing 
to  the  non-return  valve  at  the  head  of  each  element,  and  is  most  rapid 
in  the  lower  tubes  owing  to  the  expansion  of  the  water  into  steam.  The 
length  of  the  elements  is  proportioned  to  allow  enough  water  to  reach 
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the  lower  tubes  to  prevent  overheating.  Any  water  reaching  the  steam 
chamber  drains  at  once  into  the  water  chamber. 

When  there  is  a  sudden  withdrawal  of  steam  from  the  steam  chamber 
the  swinging  valve  closes  and  prevents  priming,  and  the  excess  of  pres- 
sure in  the  lower  chamber  serves  to  maintain  the  flow  in  the  tubes, 
which  would  otherwise  be  affected  by  the  lifting  tendency.  The  by- 
pass prevents  an  excessive  difference  in  pressure  by  allowing  a  restricted 
flow  of  steam  from  the  water  chamber  to  the  steam  chamber.  The 
tubes  can  be  flushed  at  will  by  closing  the  by-pass  and  causing  a  fall 
in  pressure  in  the  steam  chamber. 

The  water  carrying  the  sediment  is  discharged  into  the  steam  cham- 
ber, whence  it  drains  into  the  water  chamber  as  soon  as  the  anti-priming 
valve  reopens.  The  sediment  is  invariably  found  directly  beneath  the 
valve,  where  a  connection  is  provided  for  blowing  it  out.  A  blow-off  is 
also  provided  from  the  steam  collector. 

This  boiler  can  be  fired  from  both  ends  when  floor  space  is  limited  or 
extra  grate  surface  is  needed.  In  a  500  horse-power  double-ended  unit 
the  drum  is  60  inches  in  diameter  and  20  feet  long.  The  elements  are 
single  instead  of  double,  the  boxes  being  vertical  at  both  ends.  The 
check  boxes  are  connected  to  the  cross  box  by  a  long  tube  instead  of  a 
short  nipple.  There  are  two  grates,  each  6  feet  wide  by  8  feet  long, 
making  96  square  feet  of  grate  surface  and  5000  square  feet  of  heating 
surface  on  a  floor  space,  including  17-inch  walls,  8  feet  10  inches  wide  by 
18  feet  10  inches  long. 

Where  floor  space  is  at  a  premium,  a  vertical  design  is  used.  The 
tubes  in  this  case  are  2  inches  in  diameter,  and  are  divided  into  single 
vertical  elements,  each  tube  being  8  feet  long  and  screwed  into  the  rear 
bends  which  have  no  hand  holes.  A  pair  of  tubes  or  a  whole  element 
may  be  removed  through  the  front.  There  are  24  elements  of  24 
tubes  each;  the  drum  is  72  inches  in  diameter  by  8  feet  6  inches  long; 
there  are  48  square  feet  of  grate  surface  and  2500  square  feet  of  heating 
surface.  The  dimensions  outside  the  walls  are  8  feet  10  inches  wide 
by  8  feet  6  inches  long,  or  75  square  feet,  and  the  height  is  17  feet. 
This  gives  3£  horse-power  to  each  square  foot  of  floor  space.  Access 
is  had  to  every  part  of  this  boiler  through  the  front. 

A  boiler  of  the  two-drum  design  has  been  in  daily  service  at  Roach's 
Shipyard  at  Chester,  Pa.,  since  April  11,  1900. 

The  drawing  (Fig.  5)  shows  that  it  differs  from  those  described  in 
having  separate  drums  for  the  water  and  the  dry  steam,  and  inde- 
pendent upcasts  for  each  element  at  the  rear.    The  lower  drum  is 
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suspended  in  steel  framework  and  supports  the  upper  one  on  flanged 
necks.  The  front  neck  is  merely  a  saddle  with  no  openings  into  the 
drums,  and  is  fastened  only  to  the  lower  drum  to  allow  for  expansion 
of  the  drums  independently.  The  rear  neck,  which  forms  the  drain 
passage,  is  of  steel,  with  the  opening  into  the  water  drum  brass-bushed, 
and  is  controlled  by  a  conical  drop  valve.  The  by-pass  connecting 
the  drums  at  the  front  end  has  an  offset  (not  shown)  to  allow  for 
expansion.  The  drums  are  slightly  inclined  downward  toward  the 
rear  for  drainage  and  to  prevent  the  sediment  from  going  into  the 
tubes  a  second  time.  The  sediment  settles  at  the  rear  end  of  the 
water  drum,  whence  it  is  blown  out. 

There  are  eight  elements  0$  3-inch  tubes,  each  having  fourteen 
tubes  18  feet  long  and  one  tube  19  feet  6  inches  long  which  connects 
with  the  upcast  at  the  rear.  The  second  and  fifth  rows  of  tubes  are 
raised  to  provide  access,  but  this  has  been  found  unnecessary.  There 
are  three  rows  of  baffles,  owing  to  the  flue  being  at  the  front.  The 
fire-brick  air  passages  in  the  combustion  chamber  did  not  prove  lasting, 
and  were  removed. 

This  boiler  works  at  100  pounds  pressure  and  supplies  four  steam 
hammers,  several  engines,  and  also  heats  some  of  the  shops.  It  has 
1760  square  feet  of  heating  surface,  36  square  feet  of  grate  surface, 
and  is  rated  at  175  horse-power.  It  has  been  run  up  to  265  horse- 
power. 

Professor  Spangler  has  made  six  tests  of  this  boiler  under  normal 
working  conditions.  The  equivalent  water  evaporated  per  pound  of 
combustible  from  and  at  212°  F.  was  as  follows:  April  18th,  12.54 
pounds;  19th,  11.65  pounds;  20th,  11.70  pounds;  21st,  11.81  pounds; 
23d,  12.39  pounds;  24th,  11.05  pounds.  The  return  tubular  boiler 
alongside  was  tested  and  the  result  was  10.97  pounds  under  the  same 
conditions. 

The  first  annual  inspection  of  the  boiler  took  place  on  March  31st. 
The  inspection  was  made  by  Mr.  J.  T.  Fennell  for  the  Maryland 
Casualty  Company,  and  a  personal  inspection  was  made  by  Mr.  J.  M. 
Lukens,  Chief  of  the  Bureau  of  Boiler  Inspection  for  Philadelphia, 
accompanied  by  an  assistant.  The  upper  tubes  were  found  perfectly 
clean,  and  some  thin  scale,  which  appeared  to  be  peeling  off,  was 
observed  in  the  bottom  row.  Mr.  Fennell  states  that  the  tubes  are 
in  the  same  condition  as  he  found  them  in  his  last  inspection  on  Decem- 
ber 9,  1900.  The  scale  appears  to  peel  off  as  fast  as  it  forms,  and  is 
carried  up  and  deposited  in  the  drums. 
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Previous  to  the  erection  of  this  boiler  an  experimental  boiler  was 
built  for  the  purpose  of  determining  the  length  of  coils  permissible.  It 
consisted  of  three  10-inch  by  3-foot  drums,  160  1-inch  by  3-foot  tubes, 
and  thirty-six  1^-inch  and  lf-inch  fire-box  tubes  3  feet  long.  Two 
hundred  pounds  pressure  was  carried,  and  superheated  steam  of 
various  degree^  was  produced.  The  length  of  the  coils  was  varied 
from  30  feet  to  240  feet,  with  tubes  only  $  inch  inside  diameter.  The 
results  were  very  instructive. 
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ON  THE  SCIENCE  OF  STEAM-MAKING. 

JOHN   C.    PARKER. 
Read  April  6,  1901. 

In  a  historical  sketch  of  the  steam-engine  by  Rankine  (p.  xix) 
occurs  this  passage:  "In  the  history  of  mechanical  art,  two  modes  of 
progress  may  be  distinguished, — the  empirical  and  the  scientific ;  not 
the  practical  and  the  theoretic,  for  that  distinction  is  fallacious;  all 
real  progress  in  mechanical  art,  whether  theoretical  or  not,  must  be 
practical.  The  true  distinction  is  this:  that  the  empirical  mode  of 
progress  is  purely  and  simply  practical;  the  scientific  mode  of  progress 
is  at  once  practical  and  theoretic.  ...  Up  to  the  period  when 
Smeaton  perfected  the  atmospheric  engine,  the  progress  of  the  '  fire- 
engine/  as  the  steam-engine  was  then  called,  had  been  merely  em- 
pirical; and  in  everything  that  depended  on  principle,  the  steam- 
engine  of  that  period  was  a  most  rude,  wasteful,  and  inefficient 
machine." 

The  wastefulness  of  the  steam-engine  was  the  prime  cause  of  its 
scientific  development,  whereas  the  boiler  presented  no  such  economic 
problems.  The  comparatively  high  economic  performance  of  the 
boiler  under  adverse  conditions  has  retarded  scientific  development, 
and  its  progress  has  been  entirely  empirical. 

To  make  the  steam-engine  operative  certain  well-defined  principles 
must  be  followed.  It  is  not  so  with  the  boiler;  any  kind  of  an 
apparatus,  no  matter  how  oddly  it  may  be  constructed,  will  produce 
steam  nearly  as  efficiently  as  the  most  approved  design.  It  has  been 
so  easy  to  make  steam  that  there  has  been  little  incentive  toward 
scientific  treatment  of  the  problem. 

The  physical  conditions  involved  in  the  scientific  generation  of 
steam  can  be  graphically  shown  by  a  diagram  (Fig.  1). 

The  vertical  scale  represents  temperatures  above  0°  F.,  2500°  F.  is 
taken  to  indicate  the  initial  temperature  of  combustion,  and  the  curve 
illustrates  the  fall  in  temperature  of  the  gases  in  their  passage  to  the 
flue,  where  they  escape  at  600°  F.     The  line  at  362°  F.  represents  the 
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boiler  temperature  due  to  the  pressure  (in  this  case  143  pounds)  and  the 
difference  in  temperature  between  the  boiler  and  the  flue  gases  is  thus 
238°. 

Since,  owing  to  rigidity  of  construction,  present  practice  aims  to 
secure  equal  temperature  throughout  the  boiler,  the  line  at  362°  will 
be  straight,  and,  since  there  can  be  no  conduction  of  heat  from  a  lower 


Heat  Diagram. 


to  a  higher  temperature,  it  would  be  impossible  to  reduce  the  tempera- 
ture of  the  gases  below  362°. 

But  suppose  we  are  not  tied  down  to  a  rigid  structure,  and  are  free 
to  have  the  different  parts  of  the  apparatus  at  different  temperatures 
without  affecting  each  other.  We  will  cause  the  feed  water  to  flow  in 
the  opposite  direction  to  the  gases.  If  the  feed  comes  from  a  heater 
at  212°  F.,  that  end  of  the  evaporation  line  will  be  inclined  (slightly 
curved)  from  the  starting-point  at  212°  F.  until  362°  is  reached,  when 
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it  will  be  horizontal  to  the  point  at  which  superheating  begins, 
where  it  will  again  be  inclined,  but  very  much  more  toward  the  vertical, 
both  on  account  of  the  low  specific  heat  of  steam  and  the  great  differ- 
ence in  temperature. 

With  the  same  difference  in  temperature  between  the  flue  gases  and 
the  water  as  before  (238°),  the  flue  temperature  would  be  reduced  to 
450°,  which  amounts  to  a  saving  of  12.4  per  cent.  If  the  feed  water 
happened  to  be  at  62°,  the  flue  temperature  would  be  reduced  to  300° 
(with  the  same  difference),  which  would  mean  a  saving  of  23.39  per 
cent.  In  this  case  the  temperature  of  the  gases  is  lower  than  the  tem- 
perature of  the  steam,  and  this  illustrates  how  heat  may  be  transmitted 
from  a  lower  to  a  higher  temperature  by  convection. 

It  will  be  observed  that  superheat  could  not  be  added  under  these 
conditions  at  the  cool  end,  but  it  might  be  very  easily  at  the  other 
end,  with  the  result  of  increasing  the  initial  temperature  of  combustion, 
and  so  adding  to  the  economy  at  both  ends. 

If  the  water  came  in  at  the  hot  end  of  the  diagram  the  rise  in  tem- 
perature would  be  more  rapid,  as  indicated  by  the  dotted  line,  but  the 
initial  temperature  of  combustion  would  be  lowered  as  shown. 

It  must  be  evident  that  to  secure  the  maximum  transmission  of 
heat  from  the  gases  to  the  water  they  must  flow  in  opposite  directions, 
and  evaporation  must  be  completed  in  a  single  circuit.  If  any  water 
is  recirculated  after  being  raised  to  the  boiling-point,  it  must  neces- 
sarily reduce  the  economy  by  raising  the  feed  temperature  and  so 
reducing  its  capacity  for  absorbing  the  heat  of  the  gases;  furthermore, 
superheating  would  be  impossible  and  the  initial  temperature  of 
combustion  would  be  lowered. 

It  is  also  plain  that,  while  the  transmission  of  heat  is  as  the  square 
of  the  difference  in  temperature,  the  difference  will  not  be  maintained 
except  in  proportion  to  the  rapidity  of  the  flow  which  must  be  im- 
pelled by  a  constant  force. 

The  diagram  demonstrates  that  the  functions  of  the  economizer, 
the  boiler,  and  the  superheater  are  but  separated  parts  of  a  single 
progressive  operation  which  can  be  more  perfectly  accomplished  in 
one  apparatus. 

This  is  in  effect  an  application  of  the  regenerative  process  first 
applied  to  the  air  engine  about  the  year  1816  by  the  Rev.  Dr.  Stirling, 
and  subsequently  improved  and  modified  by  Mr.  James  Stirling, 
Captain  Ericsson,  Mr.  Siemens,  and  others.  Attempts  were  made  to 
apply  it  to  steam  generating  in  France  by  Belleville  in  1856,  and  in 
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America  by  Herreshoff  about  1878.  Mr.  Yarrow  has  made  an  appli- 
cation of  it  to  his  type  of  boiler  quite  recently,  and  he  presented  an 
excellent  paper  on  the  subject  before  the  British  Institute  of  Naval 
Architects  at  the  March  meeting,  1898. 

Belleville  and  Herreshoff  both  started  on  the  basis  that  the  flow  of 
the  water  and  gases  should  be  opposite,  and  evaporation  progressively 
secured  in  a  coil.  Both  used  a  pump  to  maintain  the  flow,  and  to 
that  fact  their  failure  may  be  ascribed. 

Belleville  assumed  that  the  trouble  was  due  to  there  being  no  water 
in  the  tubes  in  direct  contact  with  the  flames,  and  so  abandoned  his 
correct  principle.  He  resorted  to  the  common  practice  of  supplying 
the  water  to  the  hot  end  of  the  coil,  but  his  troubles  were  not  ended. 
He  made  no  material  progress  until  he  discarded  the  pump  and  adopted 
a  gravity  circulation.  It  took  him  twenty-three  years  to  develop  an 
operative  boiler,  and  that  he  did  so  finally,  on  an  incorrect  principle, 
is  a  remarkable  tribute  to  his  personality. 

After  twenty-two  years  of  use  and  six  years  trial  in  the  British 
navy,  which  has  now  about  1,000,000  horse-power,  the  Belleville 
boiler  has  just  been  condemned  by  a  Parliamentary  commission,  com- 
posed of  the  most  experienced  engineers  in  all  Great  Britain. 

We  now  have  the  spectacle  of  the  best  engineering  talent  in  the 
British  Empire  making  a  series  of  exhaustive  tests  of  the  most  tried 
boilers  to  take  the  place  of  the  Belleville. 

If  we  draw  any  significance  from  this,  it  means  that  twenty  years, 
or  any  number  of  years  use,  will  not  make  a  good  boiler  of  a  bad  one. 
It  means  that  none  of  the  boilers  come  up  to  the  requirements,  and 
that  there  is  very  little  difference  between  them.  It  means  that,  so 
far  as  the  boiler  question  is  concerned,  they  are  farther  at  sea  than 
any  of  their  ships,  else  why  should  they  proceed  to  test  boilers  which 
have  been  in  use  a  great  many  years,  and  the  qualities  of  which  are 
as  well  known  as  the  Belleville?  The  fact  is  that  after  two  centuries 
of  empirical  progress  we  find  ourselves  at  the  opening  of  the  twentieth 
century  with  the  steam  generating  problem  still  before  us.  The 
"boiler  question"  has  been  peculiarly  acute  during  the  past  decade, 
particularly  in  Great  Britain,  and  it  would  seem  as  if  important  results 
were  to  be  expected,  in  view  of  the  amount  of  attention  which  is  being 
given  to  the  subject. 

*.  So  far  as  principle  goes,  we  are  making  steam  to-day  by  the  same 
process  adopted  by  Hero,  of  Alexandria,  2000  years  ago, — i.  e.,  we  boil 
water  in  large  quantities  and  draw  off  the  steam  from  the  same  chamber 
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— both  very  improper  practices.  We  may  have  stuck  some  flues 
through  the  water  chamber  to  increase  the  heating  surface,  or  perhaps 
we  have  divided  up  the  water  space  into  a  mess  of  tubes,  but  so  far  as 
principle  goes,  Hero  was  not  one  whit  behind  us  in  the  art  of  steam- 
making. 

While  pressures  were  low  the  boiler  was  reasonably  satisfactory  ; 
but  when  the  pressure  rose  above  the  atmosphere,  a  new  condition 
was  introduced:  the  pressure  was  no  longer  constant  and  explosions 
began  to  be  known.  As  weakness  developed  it  was  met  at  the  visible 
point,  and  a  stay  was  inserted,  a  tube  beaded  over,  or  a  furnace  cor- 
rugated. Safety  became  the  fundamental  idea  in  boiler  design  to  the 
exclusion  of  correct  principles,  with  the  result  that  neither  has  been 
attained.  The  comparative  safety  of  the  boiler  to-day  is  more  of  a 
tribute  to  the  steel-maker  than  to  the  designer. 

Only  one  important  conclusion  has  been  reached  in  the  steam- 
making  problem  in  a  century  of  remarkable  scientific  progress  in  other 
directions.  The  idea  has  become  almost  universal  that  a  free  circula- 
tion of  the  water  is  essential  to  the  safe  generation  of  steam,  and  that 
idea  is  absolutely  incorrect. 

The  primordial  condition  for  the  safe  generation  of  steam  is  a  con- 
stant flow  of  the  water  and  steam  in  one  direction.  This  condition 
has  never  been  fulfilled.  The  constancy  of  the  flow  is  affected  in  two 
ways:  by  forcing  the  fire  until  the  water  is  driven  in  the  wrong  direc- 
tion, and  by  the  lifting  effect  due  to  falling  pressures,  which  produces  a 
like  result. 

While  the  lifting  effect  due  to  falling  pressures  has  been  well  known, 
the  extent  of  its  influence  on  the  motion  of  the  water  and  steam  has 
never  been  fully  appreciated;  in  fact,  most  of  the  troubles  connected 
with  steam-making  can  be  traced  directly  to  this  cause. 

It  is  a  well-seated  belief  among  engineers  that  water  must  be  in 
continual  contact  with  the  surfaces  exposed  to  the  radiant  heat  to 
prevent  damage;  but  how  water  is  to  be  in  continual  contact  with  a 
square  foot  of  surface  which  is  evaporating  enough  water  to  entirely 
cover  it  with  a  layer  of  steam  from  £  inch  to  i  inch  thick  once  every 
second  has  not  been  explained.  Water  will  not  prevent  overheating 
without  motion,  while  steam  is  most  efficient  in  carrying  off  the  heat 
if  in  rapid  and  constant  motion  in  one  direction.  Rankine  states  (p. 
261)  that  the  most  rapid  convection  of  heat  is  that  which  is  effected 
by  means  of  a  cloudy  vapor,  which  combines  the  mobility  of  a  gas  with 
the  comparatively  greater  conducting  power  of  a  liquid. 
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The  principal  conditions  involved  in  the  evolution  of  a  satisfactory 
steam  generating  apparatus  may  be  stated  as  follows : 
In  a  perfect  steam  generator — 

1.  The  water  and  gases  must  flow  in  opposite  directions  to  secure 
the  maximum  transmission  of  heat. 

2.  The  flow  must  be  constant  and  at  maximum  speed  to  obtain  the 
highest  efficiency  of  the  surface  and  prevent  overheating. 

3.  There  must  be  no  circulation  of  the  water;  evaporation  must  be 
secured  in  one  circuit. 


Fig.  2. — Evaporation  Diagram. 

4.  The  steam  must  flow  directly  from  the  hottest  part  of  the  furnace 
to  the  steam  reservoir  without  passing  through  water. 

5.  The  steam  supply  must  be  separated  from  the  water  so  that  prim- 
ing, foaming,  or  lifting  will  be  impossible. 

6.  There  must  be  sufficient  steam  and  water  room  to  prevent  ex- 
cessive fluctuations  in  pressure  and  water  level. 

7.  The  internal  surface  must  be  kept  clean  automatically  and  the 
external  surface  must  be  perfectly  accessible. 

8.  There  must  be  no  fluctuations  in  the  temperature  of  the  metal; 
feed  water  on  hot  surfaces  must  be  made  impossible. 

9.  There  must  be  perfect  flexibility  to  permit  independent  expansion 
of  each  part. 
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10.  The  apparatus  must  be  simple,  with  fewest  and  best  joints,  and 
arranged  to  permit  ready  access  to  every  part. 

11.  The  apparatus  must  be  absolutely  reliable  in  operation  under 
adverse  conditions,  with  ordinary  care. 

12.  The  apparatus  must  be  durable,  without  frequent  repairs,  and 
with  freedom  from  leaks. 

The  essential  elements  of  a  steam-making  apparatus  designed  to 
fulfill  the  foregoing  conditions  are  shown  in  the  evaporation  diagram 
(Fig.  2). 

There  is  a  dry  steam  chamber,  a  water  chamber  beneath  it,  a  tubular 
passage  extending  downward  from  the  water  chamber,  the  lower  end 
of  which  is  connected  to  the  dry  steam  chamber  by  a  direct  upcast 
passage.  An  opening  between  the  chambers,  controlled  by  a  non- 
return valve,  completes  the  circuit,  and  equalizes  the  pressure  through- 
out the  apparatus.  The  valve  prevents  "lifting"  due  to  falling  pres- 
sures, and  a  by-pass  from  the  steam  space  of  the  water  chamber  to 
the  dry  steam  chamber  prevents  excessive  difference  in  pressure 
during  such  periods.  A  non-return  valve  at  the  induction  end  of  the 
tubular  passage  prevents  reversal  of  the  flow. 

In  operation  the  water  is  fed  into  the  lower  chamber,  whence  it 
flows  into  the  tubular  passage  and  seeks  its  level  in  the  upcast.  When 
heat  is  applied,  the  water  is  soon  driven  out  of  the  upcast  by  the  ex- 
pansion of  steam.  The  result  is  a  column  of  water  against  a  column 
of  steam,  with  a  constant  effort  on  the  part  of  the  water  to  regain  its 
level  in  the  upcast,  which  is  frustrated  by  continuous  evaporation. 

It  is  a  common  idea  that  the  "buoyancy"  of  the  steam  will  prevent 
the  downflow  in  the  passage  by  its  tendency  to  rise  and  carry  the 
water  with  it.  We  know  that  gravity  affects  all  matter,  and  that, 
theoretically,  a  pound  of  steam  would  fall  as  fast  as  a  pound  of  water. 
That  a  bubble  of  steam  rises  to  the  top  of  a  column  of  water  is  only 
true  when  the  column  is  supported.  The  steam  and  the  water  can 
not  occupy  the  same  space,  and  the  water,  being  the  heavier,  displaces 
the  steam  and  forces  it  to  the  top.  A  column  may  be  part  water  and 
part  steam,  yet  the  column,  considered  as  a  whole,  must  obey  the  law 
of  gravity  and  will  fall  unless  supported.  The  laws  of  hydraulics  are 
as  true  in  a  boiler  under  constant  pressure  as  in  a  penstock. 

The  progressive  increase  in  the  temperature  of  the  water  and  the 

corresponding  decrease  in  the  temperature  of  the  gases  are  indicated 

by  the  approximate  figures.    The  bubbles  indicate  the  progress  of 

evaporation,  which  is  completed  in  the  lower  tube,  and  the  steam 
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reaches  the  upcast  in  a  superheated  state.    With  an  ordinary  boiler 
the  temperature  in  the  upper  tube  would  be  higher  than  the  tempera- 
ture of  the  gases  in  this  case. 
To  secure  the  maximum  gravity  head  of  water  would  require — 

a.  A  vertical  downcast  with  only  water  in  it. 

b.  A  vertical  upcast  with  only  steam  in  it. 

c.  Complete  evaporation  secured  in  a  horizontal  tube  connecting 
the  lower  ends  of  the  two  columns. 

In  the  diagram  the  downcast  is  cut  up  into  bends  to  give  the  required 
length  of  flow.  The  effective  head  will  be  the  vertical  distance  from 
the  point  in  the  tubes  where  the  solid  column  of  water  becomes  broken 
by  evaporation  to  the  water  level  in  the  drum. 

The  rate  of  flow  can  be  changed  in  three  ways: 

1.  By  varying  the  proportions  of  the  passage  and  the  number  of 
bends. 

2.  By  varying  the  head  of  water. 

3.  By  varying  the  rate  of  combustion. 

The  question,  then,  of  keeping  the  hot  end  of  the  tubular  passage 
from  getting  too  hot  is  merely  a  question  of  correct  design,  since  what- 
ever temperature  a  tube  will  withstand  is  no  worse  for  it  directly  over 
the  fire  than  near  the  flue. 

The  lifting  effect  upon  the  water,  occasioned  by  falling  pressures, 
affects  the  gravity  force  and  acts  as  an  instant  check  on  the  circulation 
or  flow  in  any  boiler.  This  effect  is  neutralized  and  the  flow  in  the 
tubes  is  maintained  during  periods  of  falling  pressures  by  the  combined 
action  of  the  anti-priming  valve  and  by-pass.  The  valve  closes  at 
the  beginning  of  a  drop,  and  the  by-pass  allows  sufficient  upflow  of 
steam  to  prevent  excessive  difference  in  pressure  between  the  two 
chambers.  The  result  is  that  the  flow  in  the  tubes  is  constant  irre- 
spective of  changes  in  pressure.  The  tubes  may  be  automatically 
flushed  by  closing  the  by-pass  and  causing  a  drop  in  pressure  in  the 
steam  chamber. 

The  following  points  may  be  noted : 

The  water  and  gases  flow  in  opposite  directions,  which  is  the  ideal 
condition. 

The  flow  is  positive,  and  is  most  rapid  in  the  bottom  tube  owing  to 
the  expansion  of  the  water  into  steam. 

The  flow  is  independent  of  any  inclination  of  the  tubes,  and  is  as 
rapid  in  a  horizontal  as  in  a  vertical  tube. 
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The  upper  tubes  are  always  full  of  solid  water,  and  there  can  be  no 
water-hammer  action. 

Evaporation  is  accomplished  without  recirculation  of  the  water. 

The  steam  has  a  short  dry  passage  to  the  steam  chamber,  and  there 
is  no  ebullition  or  "boiling"  action. 

The  separate  chambers  for  the  steam  and  the  water  eliminate  the 
possibility  of  priming  or  foaming. 

The  water  chamber  is  a  perfect  settling  tank,  owing  to  the  entire 
absence  of  ebullition. 

The  pressure  and  the  water  within  the  apparatus  can  be  utilized 
for  flushing  the  tubes  automatically. 

The  temperature  of  the  heating  surface  is  practically  non-fluctuating. 

It  is  a  remarkable  fact  that,  while  it  has  been  so  often  recognized 
that  the  water  should  flow  from  the  flue  toward  the  fire,  it  has  been 
almost  universally  assumed  to  be  impracticable,  without  trial.  Rankine 
states  it,  and  so  do  Professor  Thurston  and  others. 

The  practice  with  "coil"  boilers,  of  which  the  Belleville  is  the  chief 
exponent,  is  to  supply  the  water  at  the  hot  end.  When  the  econo- 
mizers were  added  to  the  Belleville  by  the  British  Admiralty,  the 
question  was  discussed  of  having  the  flow  in  the  proper  direction,  but 
it  was  decided  that  it  was  too  dangerous,  and  the  flow  was  upward  as 
in  the  boiler. 

In  conclusion  it  may  be  stated  that  it  has  been  demonstrated  by 
experiment  that  the  same  coil  will  withstand  more  heat  with  the 
water  supplied  at  the  cold  end  than  at  the  hot  end,  and  the  reason  is 
not  far  to  seek.  In  the  first  case  the  larger  portion  of  the  coil  is  filled 
with  water  and  the  steam  has  a  free  means  of  escape,  whereas  in  the 
second  case  there  can  be  very  little  water  in  the  coil,  and  what  there 
is  tends  to  clog  the  escape  of  the  steam  which  is  mostly  generated  in 
the  lower  tubes  and  is  thus  compelled  to  traverse  the  entire  length  of 
the  coil. 
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THE  DESIGN  AND  CONSTRUCTION  OF  FACTORY  CHIMNEYS. 

FRANCIS   SCHUMANN. 
Read  April  90,  1901. 

From  an  engineering  standpoint  a  chimney  or  chimney  stalk  is  a 
vertical  flue  or  tube  of  greater  or  less  height,  for  removing  the  products 
of  combustion,  of  smoke  from  furnaces,  for  inducing  combustion,  or 
for  the  removal  of  deleterious  gases. 

The  flow  of  the  heated  air  and  gases  is  due  to  their  rarefied  condition 
as  they  pass  through  the  flue,  thus  constituting  a  column  of  air  of 
less  specific  gravity  than  that  of  the  ambient  atmosphere. 

Chimneys  are  built  of  either  brick,  iron,  or  steel.  Only  those  of 
brick  will  be  considered  in  this  paper,  and  they  should  be  constructed 
to  fulfill  the  following  essential  conditions: 

1.  The  flue  must  be  of  proper  height  and  sectional  area  necessary 
for  a  given  velocity  and  volume  of  air  for  efficient  combustion  of  the 
fuel  burned  in  the  furnaces. 

2.  Proportion  and  form  of  flue  should  be  such  as  will  offer  the  least 
amount  of  resistance  to  the  flow  of  the  gases. 

3.  Maintenance  of  the  temperature  of  rarefaction  by  non-conduction 
through  the  walls  or  sides  of  the  flue. 

4.  Provision  for  the  expansion  and  contraction  of  the  material 
composing  the  chimney. 

5.  Stability  of  the  structure  or  power  to  safely  withstand  the  ex- 
ternal forces,  being  the  combined  force  of  wind  and  weight  of  structure. 

Form  and  Dimensions  of  Flue. 

The  cross-sectional  form  of  the  flue  is  usually  circular,  octagonal, 
or  square,  the  relative  efficiency  being  100,  97,  and  90,  in  the  order 
named;  the  area  should  maintain  throughout  the  height  of  the  flue 
without  reductions  or  enlargements. 

The  dimensions  are  dependent  upon  the  kind  and  amount  of  fuel 
burned,  the  form  and  length  of  the  ducts  leading  to  the  base  of  the 
chimney  from  steam  boiler  or  other  furnaces,  and  in  some  cases  it 
becomes  necessary  to  adjust  the  height  to  suit  local  conditions,  such  as 


Digitized  by  CjOOQIC 


Schumann — Design  and  Construction  of  Factory  Chimneys.     157 

adjacent  high  ground  or  buildings,  or  for  the  purpose  of  emitting 
deleterious  gases  at  higher  altitudes. 

Peclet  was  the  first  to  exhaustively  investigate  and  publish  a  theory 
concerning  chimney  draft.  Subsequently  Rankine's  treatment  of  the 
subject  in  a  more  amplified  form  became  known,  and  his  method  and 
formulae  are  those  generally  accepted. 

The  application  of  these  theoretical  formula  to  practice  is,  however, 
associated  with  the  difficulty  that  they  require  exact  data  regarding 
the  elements  of  friction  and  temperature,  values  which  greatly  vary 
with  the  form  of  furnace,  grate,  boiler,  ramifications  of  ducts  and  flues, 
and  other  passages  for  air  or  gases,  as  also  the  kind  of  fuel  and  method 
of  firing.  These  difficulties,  beside  the  rather  complicated  nature  of 
the  purely  theoretical,  have  induced  engineers  to  create  empirical 
formulae  which  give  values  agreeing  with  those  of  chimneys  in  actual 
satisfactory  operation. 

An  engineer  designing  a  chimney  must  and  does  have  full  knowledge 
of  one  essential;  this  is  the  power  to  be  developed,  and,  consequently, 
the  amount  of  fuel  to  be  burned.  With  these  data  and  statistics 
regarding  the  behavior  of  chimneys  in  actual  operation  he  is  enabled 
to  construct  simple  and  reliable  empirical  formulae  for  his  guidance. 
In  the  preparation  or  use  of  such  formulae  care  must  be  observed  to 
make  due  allowance  for  any  conditions  of  moment  varying  from  those 
upon  which  the  formulae  are  based. 

It  has  been  found  that  the  far  greater  number  of  chimneys  are  subject 
to  average  conditions,  and  hence  favorable  to  the  use  of  empirical 
formulae.  Some  of  the  exceptions  to  these  average  conditions  are  when 
furnaces  are  distant  from  the  base  of  the  chimney,  when  they  are 
elevated  and  ducts  lead  downward  to  the  base,  when  the  ducts  are 
restricted  in  area,  or  pass  through  damp  or  wet  media,  or  when  the 
chimney  is  surrounded  by  high  buildings  or  near  cliffs. 

The  following  formulae  are  presented  by  the  writer  as  new  and  giving 
values  agreeing  very  closely  with  those  confirmed  by  actual  and  satis- 
factory results.  The  only  claim  that  can  be  made  in  their  favor  over 
other  existing  similar  formulae  is  their  greater  simplicity. 

Flue  Proportions. 
Reference. 
K  =  total  amount  of  coal  burned  per  hour  in  pounds. 
H  =  height  of  chimney  in  feet. 
A  =  sectional  area  of  flue  in  square  feet. 


Digitized  by  CjOOQIC 


158    Schumann — Design  and  Construction  of  Factory  Chimneys. 

The  proper  sectional  area  for  a  given  amount  of  coal  burned  per 
hour  should  be: 

65QK 


^^mooo4/**^' 

36000  V  36000 

in  which  650  is  the  smoke  produced,  in  cubic  feet  per  hour  per  pound 
of  coal,  and  36000  a  velocity  in  feet  per  hour,  or  10  feet  per  second, 
the  velocity  increasing  with  the  amount  of  fuel  burned  per  hour. 

The  area  thus  found  may  be  altered  to  suit  different  heights  of 
chimneys,  but  should  not  exceed  10  per  cent,  either  way  when  used 
in  the  following  formula  for  obtaining  the  height: 


H=T. 


250  K      m   K  __  500  A  H ,    ,  __  HK  +  25QK 
5O0A—K>A~-H+25O'  500  H 


The  proportions  resulting  from  these  formulae  apply  to  circular 
flues,  and  are  ample  for  any  kind  of  coal,  whether  anthracite,  coarse 
or  fine,  or  bituminous. 

When  the  flue  is  octagonal  or  square,  the  height  H ,  as  found  above 
for  given  values  of  A  and  if,  is  to  be  increased  VV°  an(*  W  respectively. 

The  best  economy  in  the  furnaces  is  attained  when  the  temperature 
of  the  gases  at  the  base  of  the  flue  is  between  550°  and  600°  F. 

The  amount  of  coal  consumed  per  horse-power  per  hour  is  between 
2.5  and  5  pounds,  and  burned  at  the  rate  of  from  10  to  30  pounds  per 
square  foot  of  grate  surface. 

Construction. 

The  outer  form  of  brick  chimneys  is  either  circular,  octagonal,  or 
square  in  plan,  and  pyramidal  in  elevation,  the  sides  having  a  regular 
taper  of  about  #  inch  per  foot;  the  diameter  at  the  base,  the  inscribed 
circle  of  octagon  or  square,  being  between  one-tenth  and  one-eighth  of 
the  height,  the  proportion  being  dependent  upon  the  required  stability 
and  ratio  of  flue  area  to  height. 

The  shell  which  encloses  the  non-conducting  inner  lining  should 
be  of  good  hard-burned  brick,  of  uniform  size,  laid  in  cement  mortar. 
To  insure  circular  bondage  stretchers  should  preponderate,  say  four 
courses  of  stretchers  to  one  of  headers.  It  is  good  practice  to  bind 
the  shell  by  iron  bands  or  hoops  made  of,  say,  \  inch  by  4  inch  bars, 
securely  riveted  at  joints.  These  should  be  built  in  with  the  brick- 
work about  8  feet  apart  throughout  the  height  of  the  chimney.  The 
bands  are  made  in  sizes  to  allow  the  laying  of  one  course  of  stretchers 
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between  the  band  and  the  outer  surface  of  the  shell,  the  space  between 
band  and  inner  course  of  bricks  being  well  filled  and  packed  with 
mortar.  The  bands  should  be  so  placed  as  to  come  immediately  above 
or  below  a  header  course. 

Care  must  be  exercised  to  secure  thorough  packing  of  the  joints 
in  the  brickwork  with  mortar,  so  that  the  chimney  walls  be  as  im- 
permeable as  possible  to  the  inflow  of  external  air  which  would  tend 
to  lower  the  temperature  in  the  flue. 

The  inner  or  flue  lining  should  extend  the  full  height  of  the  chimney, 
and  in  no  case  bond  with  the  outer  shell,  except  at  the  duct  inlets  at 
the  base.  An  annular  space  of  not  less  than  one  inch  should  separate 
the  lining  from  the  outer  shell.  The  lining,  which  is  usually  one-half 
brick  thick  at  the  top,  increasing  by  half  bricks  in  sections,  is  held 
in  position  vertically  by  projecting  corbels  of  outer  shell  just  touching 
the  outer  surface  of  the  lining,  thus  permitting  the  free  movement  due 
to  expansion. 

The  lower  third  of  the  lining  should  be  faced  with  fire  brick,  laid 
in  fire  clay,  to  resist  the  higher  temperature  of  the  gases;  the  upper 
portion  may  be  of  ordinary  brick.  It  is  important  to  avoid  sharp 
CQrners  where  the  ducts  enter  the  flue;  the  larger  the  curve,  the  better. 

The  top  of  a  chimney  should  be  covered  by  a  cast-iron  cap,  serving 
as  a  binder,  or  tie,  for  the  upper  courses  .of  the  brickwork,  also  as  a 
cover,  or  protector,  of  the  shell,  space,  and  lining,  from  the  weather, 
and  as  a  deflector  of  the  wind  by  inclining  the  upper  surface  at  an 
angle  of  about  30°  down  and  outward.  The  cap  should  be  so  arranged 
that  it  rests  upon  and  is  secured  to  the  outer  shell  only.  The  upper 
surface  of  the  cap  projects  over  the  inside  of  the  inner  lining,  from 
which  point  a  flange  or  apron  extends  down  several  inches  below  the 
top  of  lining,  care  being  taken  to  leave  a  clear  space  of,  say  not  less  than 
6  inches  between  the  top  of  lining  and  under  side  of  cap  to  permit 
unobstructed  longitudinal  movement  from  expansion. 

Protection  from  lightning  is  very  essential  in  tall  chimneys;  a 
good  method  is  the  use  of  a  heavy  copper  band  placed  several  inches 
below  the  bottom  of  the  cast-iron  cap,  where  it  is  secured  to  the  brick- 
work by  copper  bolts  to  prevent  its  sliding  downward.  To  this  band, 
copper  rods,  pointed  and  gilded,  are  soldered  and  riveted;  the  rods  are 
placed  at  intervals  not  exceeding  2  feet,  and  of  a  length  to  bring  the 
points  about  2  feet  above  the  highest  part  of  the  cast-iron  cap,  the 
rods  being  bent  outward  so  as  not  to  touch  the  edge  of  the  cap.  Con- 
ductors made  of  about  %  inch  by  1  inch  copper  strips  lead  from  the 
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band  to  a  copper  plate  about  3  feet  square  by  -jV  inch  thick  buried 
in  the  ground  near  the  base  of  the  chimney,  at  least  as  deep  as  the 
bottom  of  the  foundation,  and  where  dampness  exists,  or,-  better 
still,  in  any  adjacent  deep  well  or  body  of  water.  All  joints  should 
be  riveted  and  soldered,  and  expansion  provided  for  by  slightly  cor- 
rugating the  conductor  at  intervals,  being  careful  to  avoid  sudden 
bends.     No  insulation  should  be  used. 

Stability. 

The  stability  of  a  brick  chimney  depends  upon  the  strength  of  the 
material  of  which  it  is  constructed  to  safely  resist  the  stresses  from 
the  external  forces,  being  the  lateral  force  of  wind  and  the  superimposed 
mass,  acting  as  a  resultant  at  any  horizontal  plane  throughout  the 
height,  or  at  the  bade  of  the  structure. 

The  proportions  must  be  such  that  the  axis  of  rotation,  or  neutral 
axis  of  the  resultant  force,  never  falls  within  the  respective  cross- 
section,  thus  insuring  compressive  stresses  of  uniformly  varying 
intensity  only,  tensile  stresses  not  being  permissible  in  masonry 
structures. 

The  non-conducting  inner  lining  of  the  flue,  being  separate  frojn 
the  outer  shell,  does  not  add  its  mass  toward  the  stability  of  the 
chimney,  but  only  to  that  of  the  foundation  upon  which  it  rests. 

The  force  of  wind  which  a  chimney  should  safely  resist  ought  not 
to  be  taken  at  less  than  50  pounds  per  square  foot  on  a  plane  surface; 
its  direction  can  be  assumed  to  act  horizontally  without  sensible 
error.  The  assumed  force  of  50  pounds  is  by  no  means  excessive  when 
considering  the  height  and  flexible  nature  of  a  tall  chimney  with  a 
tendency  to  accelerate  and  gain  in  momentum,  in  direction  with  the 
wind  storm,  especially  when  it  acts  in  gusts  of  great  force  and  in 
unison  with  the  vibration  of  the  structure. 

Procedure  in  Design. 

After  having  decided  upon  the  dimensions  of  the  flue,  find  the  out- 
side dimensions  at  the  top  by  adding  to  the  flue  diameter  the  thickness 
of  the  lining,  the  space  between  lining  and  shell,  and  the  thickness  of 
the  outer  shell,  at  the  top;  the  lining  thickness  need  not  exceed  one- 
half  brick,  or  4  inches;  the  spaee,  say  1  inch,  and  the  shell,  one  brick, 
or  S\  inches. 

From  these  outer  dimensions  lay  out  the  side  lines  of  the  shell  with 
a  batter  of  say  f  inch  per  foot  down  to  the  base  of  the  chimney;  sub- 
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divide  the  height  into  zones  corresponding  with  the  various  thicknesses 
of  the  shell,  resulting  from  the  addition  of  brick  dimensions,  being 
respectively  4",  8i",  12*",  15",  21",  25",  and  so  on,  each  zone 
being  of  equal  thickness  throughout  its  height. 

Determine  the  stability  of  each  joint,  commencing  at  the  top;  if 
deficient,  add  to  the  mass  by  increasing  the  thickness  of  the  walls,  or 
by  increasing  the  outside  diameter. 

Pressure  of  Wind. 

The  maximum  force  of  the  wind  which  the  structure  should  with- 
stand with  safety  is: 

For  square  chimneys,  50  pounds  per  square  foot  of  elevation. 

For  octagonal  and  round  chimneys,  25  pounds  per  square  foot  of 
diametrical  plane. 

Weight  of  Masonry  per  Cubic  Foot. 

Hard-burned  brick  in  cement  mortar, 115  to  120  lbs. 

Fire  brick  in  fire  clay  mortar, 137  lbs. 

Concrete,  average, 125  lbs. 

The  following  table  gives  the  results  of  tests  made  at  the  Watertown 
Arsenal  in  August,  1882,  upon  varieties  of  Philadelphia  machine-made 
hard  brick,  and  brickwork  made  of  the  same  kind  of  brick,  built  into 
cubes  1£  bricks  square  and  5  courses  thick : 

In  Pound*  per  Square  Inch. 
First  Indication  of  Fracture.        Ultimate  Resistance. 

.   .   .  3012  to  5000  5540  to  11,720 

.    .    .  4053  8114 


Single  brick,     .   .   .   . 
Single  brick,  average, 


Brickwork  i£  Bricks  Square,  6  Courses  High, — 

In  lime  mortar, 499  to  1070  799  to  1914 

In  lime  mortar,  average,    ....  726  1375 

In  cement  mortar, 627  to  2070  1654  to  2685 

In  cement  mortar,  average,   ...  1371  2141 


Single  brick,     .   .   .   . 
Single  brick,  average, 


In  Tons  per  Square  Foot. 

217  to  360  399  to  844 

292  584 


Brickwork. — 

In  lime  mortar, 

In  lime  mortar,  average,  . 
In  cement  mortar,  .... 
In  cement  mortar,  average, 


36  to  77 

52 
45  to  149 

99 


57  to  138 

99 

119  to  193 

154 


For  hard  brick  laid  in  cement  mortar,  14  tons  per  square  foot  can  be 
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considered  a  safe  load,  this  being  slightly  less  than  one-sixth  of  the  aver- 
age load  which  caused  first  indications  of  failure,  and  less  than  one- 
eighth  that  of  the  lowest  record  for  ultimate  resistance. 

Foundation. 
The  safe  loads  which  the  earth  underlying  the  foundations  can  sus- 
tain vary  between  1  and  12£  tons  per  square  foot,  the  amount  depend- 
ing upon  the  character  of  the  soil. 

The  weakest  and  most  unreliable  soil  is  blue  clay,  and  the  strongest 
is  a  hard,  dry,  red  clay  mixed  with  coarse  sand  and  gravel,  requiring  the 
pick  to  loosen,  such  as  prevails  here  in  Philadelphia,  which,  to  the 
writer's  knowledge,  is  sustaining  loads  exceeding  12  tons  without  caus- 
ing any  appreciable  settlement. 

Such  extraordinary  bearing  qualities  as  the  last  mentioned  are  un- 
usual, and  the  general  practice  is  not  to  exceed 
5  tons  on  hard  sand  and  gravel, 
4  tons  on  fine  sand,  loam,  and  gravel, 
3  tons  on  coarse  sand  mixed  with  clay, 
1  to  2  tons  on  blue  clay  mixed  with  sand  and  a  little  loam,  the  sustain- 
ing power  varying  with  the  amount  of  moisture. 
Earth  of  a  plastic  nature  requires  piling,  or  special  treatment,  varying 
with  the  conditions. 

When  the  periodical  rise  and  fall  of  adjacent  bodies  of  water  pene- 
trate to  the  foundation,  those  earths  which  are  composed  of  clay  or 
admixture  of  clay  and  sand,  and  especially  blue  clay,  become  extremely 
doubtful  and  unreliable,  and  point  to  the  necessity  of  piling. 

Formulae  for  Stability — General  Principles. 

I.  When  a  structure  such  as  a  chimney  is  under  a  compressive  verti- 
cal force  (mass)  only,  the  neutral  axis  or  axis  of  rotation  of  a  sectional 
plane  or  joint,  will  be  at  infinite  distance  from  the  center  of  gravity  of 
the  plane;  the  resultant  force  will  pass  through  the  center  of  gravity  of 
the  plane,  which  will  be  subject  to  compressive  stresses  of  uniform  in- 
tensity throughout. 

II.  When  the  structure  is  subject  to  a  lateral  force  (wind)  in  addition 
to  the  vertical  force,  the  resultant  will  intersect  the  sectional  plane  at  a 
point  beyond  the  center  of  gravity  of  the  cross-section  with  the  direc- 
tion of  the  lateral  force.  The  neutral  axis  or  axis  of  rotation  will  ap- 
proach the  center  of  gravity  of  the  cross-section  from  the  side  of  the 
lateral  force. 
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III.  The  position  of  the  axis  of  rotation  in  a  plane  is  independent  of 
the  amount  of  the  external  forces,  but  dependent  solely  upon  the  loca- 
tion of  the  resultant  of  the  external  force  (mass  and  wind). 

IV.  When  the  axis  of  rotation  passes  through  the  cross-section,  one 
side  of  the  section,  the  windward,  will  be  in  tension,  and  the  other,  the 
lee,  in  compression. 

V.  When  the  axis  of  rotation  passes  by  the  section,  the  stresses  are 
wholly  compressive  and  uniformly  varying  in  intensity,  as  should  be 
the  case  in  masonry  structures  in  which  tensile  stresses  are  not  per- 
missible. 

VI.  The  resultant  external  force  in  masonry  structures  should  never 
fall  outside  of  the  core  of  resistance  of  the  cross-section. 

The  quotient  of  any  moment  of  inertia  of  a  cross-section,  in  relation  to 
the  neutral  axis  passing  through  its  center  of  gravity,  divided  by  the 
distance  of  the  edge  of  the  section  from  the  neutral  axis,  times  the  area 
of  the  section,  is  the  distance  from  the  neutral  axis  to  a  point  in  the 
bounds  of  the  core  of  resistance. 

In  a  circular  or  circle  ring  plane  the  core  of  resistance  is  bounded  by  a 
circle.  In  a  square  or  hollow  square  it  is  a  square  with  its  diagonal  per- 
pendicular to  a  side  of  the  plane. 

VII.  When  the  resultant  of  the  external  forces  falls  outside  the  core 
of  resistance,  the  axis  of  rotation  will  pass  through  the  cross-section. 

VIII.  When  it  falls  within  the  core,  the  axis  of  rotation  will  pass  by 
the  cross-section. 

IX.  When  it  intersects  the  edge  of  the  core,  the  axis  of  rotation  will  be 
at  the  edge  of  the  cross-section,  resulting  in  null  stress  at  the  axis  of 
rotation,  or  the  edge  through  which  it  passes,  and  double  the  normal 
stress  at  the  farthest  edge. 

Formulae  for  Stability. 
Let  Fig.  1  represent  a  symmetrical  pyramidal  prism  of  a  given  mass 
or  weight  subjected  to  a  lateral  force  W,  j  j  being  a  joint  or  sectional 
plane. 

Let  m  =  mass  or  weight  of  prism  above  joint ;  ;, 

A  =  area  of  its  diametrical  plane  or  projection,  and 

fcand&j  =  width  at  base  and  top,  respectively; 

G  =  center  of  gravity, 

W  =  total  lateral  force  acting  at  (?,  and 

h    =  distance  from  joint  to  G,  or  lever  arm  for  W. 
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x  =  distance  from  center  of  gravity  of  cross-section  to  inter- 
section of  resultant  fi  (of  mass  and  wind). 

w  =  pressure  of  wind  per  square  foot,  50  pounds  for  plane  sur- 
face and  25  pounds  for  cylindrical  or  octagonal. 

w1  =  pressure  per  square  foot  a  given  cross-section  will  resist 
when  the  axis  of  rotation  is  at  the  edge  of  the  section. 

xtr  ax        6  +  2  6,  fl"  Wh  Xm  k  ro 

'  ft  +  61     8  '  ro    »  Ah1        l         Ah 

m  and  z  being  known,  the  next  step  is  the  determination  of  the  result- 
ing stresses,  and  their  character,  acting  at  the  joint. 

Fig.  2  shows  a  joint ;  /  and  its  sectional  plan,  a  solid  square  being 
chosen,  with  its  core  of  resistance  cross-lined.    Three  diagrams  are  also 
shown  giving  graphically  the  stresses  throughout  the  cross-section  for 
different  positions  of  the  axis  of  rotation. 
Let  a  =  area  of  section,  and 
g  =  center  of  gravity, 
/  =  moment  of  inertia, 
r2  =  radius  of  gyration  square, 
k  =  distance  from  g  to  core  of  resistance, 
n-^n  =  neutral  axis  of  cross-section  through  g, 
0  =  axis  of  rotation, 

s   =  distance  from  n  n  to  edge  of  section,  lee  side, 
«!  =  distance  from  n  n  to  edge  of  section,  windward  side, 
y  =  distance  from  n  n  to  axis  of  rotation  0, 
d  =  distance  from  axis  of  rotation  to  any  point  where  stress 

is  sought, 
dj  and  d%  =  distance  from  axis  of  rotation  to  respective  edges, 

ex  and  e2, 
p  =  stress  per  unit  of  area  at  any  point  distance  d  from  0, 
Pi  and  pt  =  maximum  and  minimum  stresses  respectively  at 
edge  ex  and  ev 

(I)  When  x  <kf  axis  of  rotation  falls  outside  of  section;  px  and  pa 
compressive  stresses. 

(II)  When  x  =  k}  y  =  sit  d2  and  p2  become  null,  and  px  =  -^. 

(III)  When  x  <  k}  axis  of  rotation  falls  within  the  section;  p1  com- 
pressive and  p2  tensile  stress. 

•  /,  J  r*  mx        ,         m  d  m     ,     W h  m         Wh 

r    =  a>k  =  7a>  *  =  T'>  *  =  —  •>*  =T7'>  Pi  =  T+-^*i>P*  =  ™T* 
When  ~  <  -j-8„  the  stress  is  opposite  in  kind  or  tensile. 
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Volume  of  Solid  and  Hollow  Frustums. 
D  and  d  =  diameter  of  base  and  top,  respectively,  also  inscribed 
circle  of  square  and  octagon. 
h  =  height. 

t  =  thickness,  uniform  throughout, 
V  =  volume. 

Frustum. 

Solid  conic, V  =  0.7854  [*  (D  —  d)2  +  D  d  h]  = 

nk    (D  +  Dd  ~  d*\ 
3     V" 

Hollow  conic, V  =  {—^  —  *)  *  ht; 


'■h 


Solid  square  pyramidal, 

Hollow  square  pyramidal, .  .  . .  V  =  h  ( 


.V  =  ±(D  —  dy  +  Ddh; 


4(D  +  d) 


-4<); 


Solid  octagonal  pyramidal, .  .  .  V  =  0.8284  (j  (D  —  d)'  +  D  d  h) ; 
Hollow  octagonal  pyramidal,  .  V  =  0.8284    [h  (i^jti  _  4  t)  ]. 

Formula  Relating  to  the  Cross-section. 


Form  of  Section. 


Moment  of  Inertia  I. 


Core  Distance  k  = 


Solid  square,  . 

Hollow  square, 

Solid  octagon, 
Hollow  octagon 

Circle  plane,    . 

Circle  ring, 


D2 

D2  —d2 

0.8284  D2 
0.8284  (D2  —  d2) 

0.7854  D2 

0.7854  (D2  —  d2) 


D* 

12 

D*  —  d* 

12 

0.0547  Z)4 

0.0547  (D*  —  d*) 


64 


/)*  =  0.0491  D4 
61  (D*-d*) 


D 

6 

1  B*  ^** 
6        D 
0.132  7) 

0.132^? 

D 

8 
1   D*  +d* 
8        D 


The  neutral  axis  passes  through  the  center  of  gravity  of  the  section 
parallel  to  sides  of  square  and  octagon.  D  and  d  are  the  outer  and 
inner  diameters,  respectively,  of  circle  rings,  inscribed  circles  of  octagon, 
or  length  of  side  of  square. 

Example  of  a  Chimney. 
In  conclusion,  an  example  (Plate  I)  is  given  of  a  round  chimney  with 
circular  flue,  4  feet  in  diameter,  and  100  feet  high,  in  which  no  tensile 
stresses  shall  exist  when  the  wind  exerts  a  pressure  of  50  pounds  per 
square  foot  on  a  plane  surface.  The  earth  underlying  the  concrete 
foundation  shall  not  be  subjected  to  more  than  2  tons  per  square  foot  as 
a  maximum  pressure. 
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^^^mm^^jUj^f  OF  Solid  and  Hollow  Frustums. 


i  snaii  not  oe  suDjectea  to  more  tnan  z  tons  per  square  ioox  as 
m  pressure. 


Digitized  by  CjOOQIC 


B 
O 

13 


8 

fflg 

*^ 

OS 


IB 


«5 


I 

& 


O 

s 

S 
D 


CO 

2 


•jnjof  j»  mnd  jo  iojo j 


looj  oavnbg  jed 
toox  uj  «smjs  mntuiaiK 


wl  -  ..  - 


2=  = 
6 


S83398 

o'ddo'dd 


•joo j  aasnbs  jed 
■aox  n|  ssaajg  umuiixbh 


S  ©  S IS  §  So 

»-J  c*  c*  ■*•  ©*  id 


•J80J  aj  noiwoH 
;o  spry  pa«  Ajaiuo  jo 
001U0Q   uaa*)9a  aomrwa 


•190J 

aj  aonoeg  jo  a**ia*uq  jo 

JO)003  mOJJ901TO)S}(l  OJOQ 


•lo»j  a|  ;a«j|nsoH 
jo  aofpauoiai  jo  iojoj 
pav  aonoag  jo  a*ija«jo  jo 
J91U9Q  adaMiafl  »oavis;Q 


*    I 


IQ  l>  lC  lO  <C  l> 


HWftOOOQC 
"*  lO  ift  ■>  i~  CI 

^  rn '^  ^*  o<  <N 


8SeS8g§ 

O  OiHrHOlci 


'p9JBnb§ 
aonwjjAtuo  jo  §n!p«H 


v  ic  d  x'  ci  "f 


*«{^taai  jo  Yaemoft 


88SS8S 


owqj  |«oiJieaiBi(i  jo  Ij 
-{AVJ9  jo  jaju&o  jo  iq*PH 


:S£S§8 


•■aox 
aj  danswaj   pni^i  pnox 


©'  ©i  cc  ©  ©  co 


'199^  davnbfl  a\ 
oinqj  pK)|j^tas|a  jo  i»jv 


0j«nbs  0}  uopaes  jo  udj y 


•«aox  aj  ^q8|9^  jo  w«rc 


(OI^OiO  ©  ©. 

ic  in  ©  j>  irf  © 


rH  CO  ^  00  © 


©' 


CO 

© 


!  28SSS8         $ 
8 


s 
si 


s 


s: 


CO 


© 
©' 

© 


8 
8 


ndionntoco 


882 


19*j  ai  ;aiof  j«  jajattreKi 


lOCI  ©©  g  © 

oo  oo  i*  ©  oo  55 
©  t^  od  ©'  ~  e* 


30 

X 

V 

00 


lajof  pnv  aoigiAfd 


HH  t-l  ^  ^,  ^.  •-•    £ 


a  O  ^ 


»*> 

^>  •»* 

c  a 

S& 

00 

J*5 

9«* 

©  C8 

8  © 

2  u 

«  0 

1! 

ressive 
nail  p 
ace  of 

p-at: 

s-s  g 

od 

8ffS 

a 

hence 
resnlti 

1 
z 

|c§ 

IO 

8^1 

II 

s  *  s 

CO 

^g 

^ 

a 
8 

.s&? 

»:s 

■^ 

tion 
e  ed 
per 

1 

© 
<<* 

o 

e  the  sec 
ching  th 
pressare 

X 

X 

© 
id 

s 

I 

«'!» 

i 

3 -2  .s 

II 

S 

■2 

fal 
ion 
tain 

X 

o 

,£3 

-.2  5  | 

^1^ 

B'sl 

II 

5 

<-    00    £ 

S's^ 

C 

S 

.2  *•- 

73 

e  ax 
the 
that 

0 

a 

HH 

08    **    OQ 

s 

*^8 

ted 
ilit 
ill 

OpQ  "5 

o 

be  n 
b  sta 
aid 

■a 

will 
least 
y  wo 

0) 

c 

e 

"S-Q 

5« 

Digitized  by  CjOOQIC 


168    Schumann — Design  and  Construction  of  Factory  Chimneys. 

To  fulfill  these  requirements  it  was  necessary  to  proportion  the  base 
.with  a  diameter  equal  to  one-eighth  the  height,  or  12  feet  6  inches, 
resting  on  a  concrete  foundation  18  feet  square  by  6  feet  thick.  The 
top  of  the  chimney  has  a  diameter  of  6  feet  3  inches,  making  the 
batter  $  inch  per  foot  of  height. 

The  arch  of  the  inlet  duct  is  of  the  same  radius  as  the  flue — 2  feet — 
being  in  fact  a  continuation  of  the  flue  curve  in  the  form  of  a  bend  until 
it  forms  the  roof  of  the  inlet  duct  as  an  arch. 

Attention  is  called  to  the  square  base,  or  plinth ;  this  form  became 
necessary  to  obtain  stability  at  the  point  where  the  inlet  ducts  greatly 
reduce  the  effective  sectional  area,  where  the  shell  continued  down  to  top 
of  concrete  as  a  conic  frustum. 

The  chimney  was  proportioned  for  a  capacity  of  360  horse-power, 
allowing  5  pounds  of  coal  per  horse-power,  which  makes  a  total  of 
1800  pounds  per  hour.    With  this  as  a  basis,  the  area  of  flue  was 


a  = 

36000 


™*. =      1170000      =  13.65  or  a  diameter  =  JJI2L  =  4.17, 

4  J  6S0K  86000  X  2.38  uumuci**  ^  a?8M         -*.      , 

>  \  36000 


for  which  four  feet  was  adopted,  or  12.56  square  feet  area. 
The  height  became: 

TT  —        250  —      =  250X1800  _  450000  lft2  fi 

U  ~~  500.1—  K  ~~  600  X  12.66  —  1800  ~"     4680     ~~ 

for  which  100  feet  was  adopted.  The  slight  reduction  in  dimensions, 
made  for  the  sake  of  rounding  off,  has  no  appreciable  effect  in  view 
of  the  liberal  allowance  of  5  pounds  per  horse-power. 

The  height  h  for  division  VI,  of  39.7  feet,  is  the  distance  from  the  base, 
or  joint  of  the  division,  to  the  common  center  of  gravity  of  the  wind 
force  of  the  round  and  square  portions  of  the  chimney,  the  pressure  per 
square  foot  being  respectively  25  and  50  pounds  of  projected  area. 

The  total  pressure  against  the  round  part  is  10.19  tons,  with  a  lever 
arm  of  40.35  +  10  =  50.35  feet.    .  ^ 

That  of  the  square  part  is  =  125  *ff  x  w  =  3.125  tons,  with  a  level 
arm  of  5  feet,  hence,  39.7  =  1(U9  x  mM  ni25x6 


2000 
50.36 
10.19  +  3.125 


Table  I  gives  summary  of  results  for  the  chimney  under  considera- 
tion. 

The  permissibility  of  tensile  stresses  in  masonry  structures  is  some- 
times advocated, — in  fact  the  building  laws  of  certain  European  States 
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permit  as  high  as  2\  tons  per  square  foot  in  brick  chimneys  built  with 
cement  mortar.  All  experience  and  sound  reasoning,  however,  is  to 
the  contrary.  Brickwork  lacks  all  of  the  physical  properties  conceded 
to  be  requisite  in  a  material  suitable  to  withstand  alternating  compres- 
sive and  tensile  stresses.  The  failure  or  destruction  of  high  chimneys 
by  wind  storms  has  invariably  been  due  to  the  opening  of  the  joints  on 
the  windward  side  from  lack  of  weight  or  width  of  base.  A  chimney  or 
tower  designed  and  proportioned  for  an  allowance  of  tensile  stresses  is 
capable  of  resisting  only  a  lower  wind  pressure  than  that  assumed,  and 
thus  its  power  to  safely  withstand  the  force  is  so  much  less. 

DISCUSSION. 

The  President. — Is  Mr.  Sweeney  present? 

Mr.  Frank  Sweeney. — Gentlemen:  This  is  a  surprise  to  me,  to  be  called  on 
to-night  to  address  an  assembly  of  this  kind.  My  business  is  brick-laying,  and  I 
have  built  a  good  many  high  chimneys  of  different  shapes.  I  am  not  prepared  to 
make  an  address  to-night,  but  I  would  simply  like  to  call  your  attention  to  a  case 
I  have  run  against  in  connection  with  the  twin  chimneys  that  I  built  for  the  power- 
house of  the  Union  Traction  Company,  at  Delaware  Avenue  and  Fairmount. 

This  whole  building,  including  the  stacks,  was  built  on  pile  foundation,  on 
which  was  placed  concrete — I  think,  to  a  thickness  of  three  or  four  feet.  There 
was  a  stone  base  above  the  pavement  line,  probably  seven  feet  high.  There  is  a 
cornice  of  terra  cotta.  The  stack  is  160  feet  high,  and  about  110  feet  above  the 
terra  cotta  cornice.  I  noticed,  a  year  or  so  after  these  stacks  were  built,  that  the 
terra  cotta  cornice  was  breaking.  The  stacks  started  to  give  way  from  the  wall  of 
the  building.  It  is  a  two-story  building.  I  think  at  the  present  time  they  have 
left  the  building  by  1 J  inches  away  from  its  former  position.  The  north  stack  is 
two  inches  away,  and  apparently  still  going.  I  think  they  have  opened  up  a  space 
half  an  inch  greater  than  they  were  a  year  ago.  There  is  a  very  slight  evidence  of 
cracking,  in  the  stone  base,  on  either  side.  The  piles  appear  to  have  settled  down. 
The  resistance,  or  help  given  to  each  stack,  by  the  wall  of  the  building,  has  appar- 
ently held  them  up  to  a  certain  extent,  and  let  them  go  down  on  the  outside.  At 
the  top,  one  stack  must  be  over  four  and  a  half  inches  further  south  than  when  we 
built  it,  and  the  other  stack  is  over  six  inches  further  north  than  originally  built, 
and  is  apparently  still  going.  The  brick-work  has  opened  up  between  the  win- 
dows, and  it  looks  to  me  to  be  a  job  for  somebody  to  rebuild,  some  time  in  the 
future. 

Figure  1  shows  the  building  of  the  Union  Traction  Company.  The  bases  of 
the  stacks  are  shown  on  the  right  and  left  of  the  building.  The  stacks  (not 
shown  in  the  figure),  as  already  stated,  run  up  about  110  feet  above  these  ba*»es. 
Settling  cracks  can  be  seen  extending  upward  from  the  right-hand  window  in  the 
second  story,  as  also  the  breaks  between  the  building  proper  and  the  bases  of 
the  stacks. 

Edgar  Marburg. — How  far  was  the  concrete  foundation  carried  beyond  the 
outer  foundation  of  the  stack? 
3 
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Mr.  Sweeney. — That  I  do  n't  know.  I  had  nothing  to  do  with  the  pile-work 
or  the  concrete  foundation.  There  was  a  stone  foundation  carried  to  grade. 
The  concrete  was  probably  nine  feet  below  grade,  and  how  far  that  extended  be- 
yond the  building  line  I  can  not  tell.  It  was  put  up  under  the  supervision  of  the 
late  Charles  McCaul,  and  I  believe  was  designed  in  his  office.  The  stack  has  a 
little  manhole  on  the  outside.     These  stacks  were  built  of  Philadelphia  hard 


Fig.  1. — Union  Traction  Company  Power-House. 

bricks,  faced  with  stretchers,  in  red  mortar,  and  lined  inside  with  cores,  separated 
from  the  outside  wall,  and  at  the  top  covered  with  cast-iron  caps,  which  I  think 
some  day  will  be  dispensed  with.  I  think  brick  would  be  more  durable  than  cast- 
iron.  I  do  n't  think  cast-iron  is  the  right  material  for  the  top  of  a  stack.  The 
bricks  were  laid  in  lime  mortar,  to  which  was  added  about  twenty-five  per  cent. 
Portland  cement.     Red  mortar  was  used  for  the  outside  facing.     The  stacks 
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themselves  have  stood  perfectly  solid  and  straight,  with  the  exception  that  on  the 
west  side  there  are  several  little  cracks,  showing  a  slight  expansion. 

Mr.  Schumann. — Does  the  flue  lining  run  all  the  way  up,  Mr.  Sweeney? 

Mr.  Sweeney. — Yes;  to  the  full  height.  Thirteen  inches  in  thickness  to 
the  terra  cotta  cornice  of  the  building,  and  nine  inches  above.  While  we  are 
on  the  subject  of  flue  linings,  I  would  like  to  ask  a  question  of  the  gentlemen 
present,  as  I  want  to  have  somebody  tell  me  whether  I  am  treading  on  danger- 
ous ground,  when  I  run  a  circular  core  up  in  spiral  shape.  In  building  suc- 
cessive courses,  if  we  lay  these  courses  level,  and  two  men  are  laying  the 
bricks,  where  they  meet,  there  will  be  a  piece  to  cut  off,  which  consumes  a 
little  extra  time.  In  the  full  height  of  the  stack,  this  time  amounts  to  some- 
thing. I  have  adopted  a  plan  of  running  these  cores  up  in  spiral  shape. 
In  this  method  there  is  no  piecing  or  cutting  of  bricks.  It  makes  a  continu- 
ous routine  from  the  bottom  of  the  core  to  the  top.  If  the  stack  is  big  enough 
for  three  men,  I  divide  it  up  into  three  spirals.  Usually,  with  an  eight  foot  diam- 
eter, I  use  two  bricklayers,  and  make  two  spirals.  I  have  never  had  any  trouble 
with  this  method,  but  I  would  like  some  one  to  tell  me  whether  I  am  treading  on 
dangerous  ground  or  not,  and  whether  the  wall  is  sufficiently  stable  to  keep  me 
out  of  trouble.  We  very  seldom  put  any  cement  in  the  inner  core.  Wre  always 
have  satisfactory  results  from  lime  mortar,  especially  where  we  use  a  small  pro- 
portion of  cement  in  the  lime — say,  twenty  per  cent,  cement,  and  eighty  per  cent, 
lime  mortar.  I  have  used  a  mixture  somewhat  similar  for  engine  foundations. 
In  Schemm's  brewery,  I  laid  from  sixty  to  seventy  thousand  bricks  for  an  engine 
foundation,  using  lime  mortar,  to  which  was  added  twenty-five  per  cent.  Portland 
cement,  and  it  is  apparently  just  as  hard  to-day  as  if  laid  in  all  cement  and  sand, 
and  certainly  less  costly. 

Mr.  Schumann. — Mr.  Sweeney,  in  the  spiral,  is  the  vertical  joint  broken  in 
every  operation? 

Mr.  Sweeney. — Each  bricklayer  is  laying  bricks  on  top  of  the  course  just  laid 
by  the  other  man. 

Mr.  James  Christie. — Do  you  level  off  when  you  come  to  the  top? 

Mr.  Sweeney. — If  required.     If  not,  we  let  it  go  as  it  is. 

L.  F.  Rondinella. — That  would  be  similar  to  the  helix  of  a  double  screw-* 
thread. 

William  Copeland  Furber. — How  do  you  start  the  spiral,  with  split  brick 
or  mortar? 

Mr.  Sweeney. — Split  bricks. 

Mr.  Furber. — I  think  that  is  the  only  bad  feature;  otherwise  it  is  all  right. 

Mr.  Sweeney. — If  bedded  properly,  the  split  bricks  are  just  as  good  as  whole 
bricks. 

Mr.  Furber. — If  the  brickJs  not  split  properly,  you  can  never  tell  whether  it 
is  sound  or  not. 

Mr.  Sweeney. — It  is  all  right  if  you  put  back  as  good  material  as  you  cut  away. 
Probably  better  in  some  cases. 

Mr.  Schumann. — Figure  1,  showing  two  similar  chimneys  joined  by  an  inter- 
vening wall,  is  a  good  illustration  of  a  method  of  construction  that  should  be 
avoided.  Most  text-books  bearing  upon  this  subject  distinctly  warn  against 
bonded  connections  between  masonry  structures  of  greater  and  those  of  less 
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weight,  unless  great  care  be  exercised  in  proportioning  the  foundation  so  that 
the  pressure  per  unit  of  area  on  soil  be.  alike.  In  this  case  the  pressure  from  the 
chimney  was  much  greater  than  that  of  the  comparatively  light  connecting  wall, 
and  the  result, — the  leaning  apart  of  the  chimneys  and  separation  from  the  join- 
ing wall, — as  stated  by  Mr.  Sweeney,  could  have  been  foreseen. 

Mr.  Sweeney. — I  failed  to  state  before  that  the  front  wall  of  the  building  was 
built  into  a  slot  left  in  the  stack  wall.  That  slot  was  four  inches  into  the  stack 
and  twenty-two  inches  wide. 

Mr.  Schumann. — The  foundations  ran  through? 

Mr.  Sweeney. — Yes;  the  slot  was  not  started  until  the  top  of  the  stone  base 
was  reached,  which  was  about  seven  feet  above  ground-level. 

A  Visitor. — I  should  like  to  ask  Mr.  Sweeney  if  he  noticed  any  cracks  in  the 
north  and  south  walls  of  the  chimneys.        ' 

Mr.  Sweeney. — I  did  n't  go  into  the  yard  north  or  south  to  look  at  the  returns. 
I  did  n't  look  for  cracks  in  the  sides,  but  simply  noticed  them  on  the  street  front. 
I  imagine  there  would  be  nearly  as  much  on  the  sides  as  showed  in  the  front,  be- 
cause the  terra  cotta  cornice  appears  not  only  to  have  gone  north  and  south,  but 
east  as  well.  It  appears  to  be  separated  about  two  inches  toward  the  north  and 
south,  and  one  inch  to  the  east,  showing  that  there  must  be  a  crack  on  the  oppo- 
site side  of  the  chimney. 

Prof.  Rondinella. — It  might  be  interesting  if  we  could  hear  some  impartial 
testimony  as  to  the  economy  in  using  artificial  draft  in  place  of  high  chimneys. 

Mr.  Christie. — Mr.  Snell  can  probably  tell  us  something  about  that.  Is  he 
here? 

Henry  I.  Snell. — I  do  not  know  that  I  have  much  to  say  to-night.  There 
are  some  points  brought  out  in  the  papers  before  the  Club  this  evening  which  I 
would  like  to  make  use  of  in  a  comparison  of  some  of  the  advantages  of  mechanical 
over  chimney  draft. 

In  the  first  paper,  the  author  states  that  one  of  the  chimneys,  shown  and  de- 
scribed to  the  members,  was  designed  for  a  boiler  plant  of  two  thousand  H.  P., 
and  that  it  cost  $12,250,  or  about  six  dollars  per  H.  P.  A  mechanical  draft  appa- 
ratus complete  and  installed  ready  for  use,  including  fan,  engine,  and  air-distribu- 
ling  pipe  for  plants  of  this  magnitude,  will  cost,  on  an  average,  about  one  dollar 
per  H.  P.  The  advantage  of  mechanical  draft  over  natural  draft  by  this  illus- 
tration is  $5.00  per  H.  P.,  or  $10,000  for  a  2000  H.  P.  plant. 

In  Mr.  Schumann's  able  paper  on  the  theory  of  natural  draft  as  applied  to  a 
chimney  for  steam  boilers,  I  notice  he  makes  use  in  one  of  his  formula?  of  the  figure 
650  as  representing  the  volume  of  air  in  cubic  feet  required  for  the  combustion  of 
one  pound  of  carbon  or  pure  coal.  I  assume  that  this  figure  represents  the  volume 
when  expanded  by  a  temperature  of  about  550°  or  600°  F. ;  in  other  words,  650 
cubic  feet  of  escaping  gas  must  be  provided  for  each  pound  of  coal,  of  good  quality, 
consumed  on  the  grate. 

With  natural  draft  it  is  considered  good  practice  to  allow  300  cubic  feet  of  air 
of  the  outside  temperature  for  each  pound  of  coal  consumed  in  the  furnace,  and 
this  volume  expands  to  twice  the  amount  when  heated  to  550°  to  600°.  Consid- 
ering the  variation  in  the  quality  of  coals,  and  the  losses  and  wastes  in  combus- 
tion, it  may  be  considered  good  practice,  and  I  believe  a  usual  one,  to  allow  four 
pounds  of  coal  per  hour  per  H.  P.  From  these  figures  it  is  possible  to  make  some 
calculations  by  which  we  can  compare  the  relative  merits  of  natural  and  mechant 
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ical  draft  in  regard  to  their  economics.  Taking  the  chimney  and  plant  already 
mentioned  and  described  to  the  members  of  the  Club,  we  have  2000  X  4  =  8000 
pounds  of  coal  to  be  consumed  per  hour,  requiring  8000  X  300  =  2,400,000  cubic 
feet  of  air.  One  unit  of  heat  will  raise  about  52  cubic  feet  of  air  one  degree ;  there- 
fore 2,400,000  cubic  feet  of  air  raised  200°  will  require  2,4(^000  X  200,  over  9,000,- 
000  units  of  heat,  and  allowing  10,000  B.  T.  U.  as  the  heating  power  of  a  pound  of 
coal  and  four  pounds  per  H.  P.,  it  is  readily  seen  that     '      *nn^  =  225  H.  P.  is 

lost  in  the  economy  of  the  boilers  by  the  necessity  of  requiring  at  least  200  degrees 
higher  temperature  to  produce  draft  than  utilized  by  the  boiler  in  generating  steam. 

The  power  required  to  run  an  engine  driving  a  fan  of  the  proper  size  and  speed 
to  supply  the  boiler  furnaces  with  the  same  (or  a  less  volume  of  air,  for  less  is  re- 
quired with  forced  draft,  as  the  combustion  is  more  complete  than  with  natural 
draft),  to  produce  equal  results,  will  not  exceed,  with  proper  installment,  16  to  18 
H.  P.  A  much  greater  economy  will  be  shown  if  the  waste  heat  is  utilized  by  the 
adoption  of  fuel  economizers  for  heating  the  feed  water,  which  can  be  easily  accom- 
plished by  the  use  of  a  fan  and  is  not  economically  practical  with  chimney  draft. 
A  high  temperature  of  escaping  gases  is  not  necessary  with  fan  blast,  and,  without 
high  temperature  of  escaping  gases,  chimney  draft  is  impossible. 

Another  advantage  of  mechanical  draft  over  natural  is  its  flexibility  for  increase 
of  boiler  capacity  and  rapidity  of  steaming  requirements.  The  point  aimed  at  in 
this  discussion  is  to  show  by  the  illustrations  before  the  Club  that  some  of  the  rela- 
tive merits  of  mechanical  over  natural  draft  are  that  it  costs  about  one-fifth  as 
much  to  install  and  one-twelfth  as  much  to  run. 

The  calculations  here  presented  are  those  obtained  in  a  general  way,  and  show 
the  relative  economy  of  forced  draft  over  chimney  draft  under  similar  conditions. 
Even  this  economy,  already  shown,  can  be  greatly  increased  by  the  application  of 
fuel  economizers  and  induced  draft  application,  for  then  the  escaping  gases  can  be 
reduced  to  200°  or  250°  instead  of  about  400°  as  used  in  the  previous  calculation. 
For  economizers  and  coals  of  small  size,  mechanical  means  for  increasing  the  in- 
tensity of  draft  I  believe  to  be  a  necessity. 

Mr.  Christie. — Do  you  believe  in  pushing  the  air  in  or  pulling  the  gases  out? 

Mr.  Snell. — That  often  depends  more  upon  circumstances  than  advantages. 
In  ship  or  other  work  where  there  are  advantages  to  be  derived  from  the  ventila- 
tion or  cooling  of  the  lower  decks,  holds,  and  engine-room  of  a  ship  or  basement 
rooms  of  a  building,  and  where  it  is  convenient  to  have  them  closed  tightly  and  a 
plenum  system  used,  or  where  the  space  is  cramped  for  room  and  it  is  difficult, 
sometimes  impossible,  to  run  proper  sized  air  pipes  to  the  furnaces  from  the  fan, 
induced  draft  or  "  pulling  the  gases  out "  is  undoubtedly  preferable. 

For  mechanical  plants  with  the  usual  stationary  boilers, — such  as  we  find  in 
factory  plants  or  workshops, — considering  the  first  cost,  and  sometimes  the  disad- 
vantages of  a  distant  location  of  the  fan,  also  the  fact  that  a  "pulling  out" 
arrangement  pulls  cold  air  through  the  porous  and  cracked  brickwork  of  the  boiler 
walls  into  the  heating  chambers  and  thus  cools  the  heating  gases  without  aiding 
combustion,  and,  for  some  other  reasons,  I  generally  prefer  forced  blast  system 
under  the  grates. 

Owing  to  the  expanded  condition  of  heated  air  with  an  induced  system,  we  are 
obliged  to  handle  twice  as  many  cubic  feet  of  air  to  contain  the  same  amount  of 
oxygen  as  we  do  with  forced  draft,  and  consequently  have  to  use  larger  fans. 
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NOTES  ON  THE  CONSTRUCTION  OF  A  FACTORY  CHIMNEY. 

I.  WENDELL   HUBBARD. 
Read  April  20,  1901. 

The  factory  chimney  is  becoming  so  much  a  part  of  our  landscape 
that  these  notes,  although  recording  no  serious  difficulties  encountered, 
may  have  sufficient  bearing  on  chimney  construction  generally  to  com- 
mend themselves  to  your  attention. 

In  July  of  1900,  in  connection  with  the  construction  of  a  manufac- 
turing plant  for  Mellor  &  Rittenhouse  Co.,  at  Camden,  New  Jersey, 
the  erection  of  the  chimney  from  which  these  notes  were  made  was  be- 
gun. The  chimney  is  located  225  feet  from  the  Delaware  River,  and  is 
218  feet  in  height  from  the  bottom  of  foundation  to  top.  (For  details 
of  the  structure  see  Plate  II.) 

The  first  step,  naturally,  was  the  excavation  for  the  foundation. 
Having  had  occasion  a  week  or  so  earlier  to  drive  a  well  within  30  feet  of 
the  proposed  location  of  the  chimney,  we  obtained  from  borings  excel- 
lent data  as  to  the  materials  most  likely  to  be  encountered  in  the  dig- 
ging of  our  foundation. 

The  size  of  the  pit  excavated  was  34  feet  3  inches  square.  The  sur- 
face of  the  ground  was  about  -f  10  or  10  feet  above  mean  low  water  in 
the  Delaware  River.  To  a  depth  of  3  or  4  feet  below  the  surface  the 
material  excavated  was  a  heavy  ballast  deposited  at  former  times  from 
vessels.  Below  this  was  found  a  sand  and  loam,  which,  when  wet, 
would  run  like  quicksand,  necessitating  the  driving  of  close  sheet  piling. 
This  sheet  piling  was  3  X  12  inch  plank  18  feet  long,  driven  around  a 
framing  of  10  X  10  yellow  pine  timber.  At  a  depth  of  3  feet  above 
mean  low  water,  or  -f  3,  water  was  encountered,  although  not  enough 
to  cause  any  serious  trouble.  By  keeping  two  pumps  running  we  man- 
aged to  keep  the  pit  practically  free  from  water.  At  a  depth  of  16  feet 
below  the  surface,  or  — 6,  the  gravel  bottom  was  reached,  coinciding 
with  our  observations  from  well  boring. 

From  this  level  the  foundation  was  started,  using  a  concrete  of  one 
part  Portland  cement,  two  parts  sand,  and  five  parts  of  broken  stone. 
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The  concrete  was  mixed  dry,  with  the  exception  of  wetting  the  broken 
stone,  there  being  sufficient  water  in  the  pit  to  give  the  proper  consis- 
tency. This  was  mixed  above  and  lowered  in  buckets  carrying  one 
yard  each.  The  concrete  was  carried  up  to  a  level  of  +1,  or  1  foot 
above  mean  low  water,  being  thoroughly  tamped  as  the  work  pro- 
gressed, and  forming  a  mass  7  feet  in  thickness  and  34  feet  square, 
weighing  approximately  526  tons.  The  concrete  was  allowed  to  set  for 
a  week  before  the  brickwork  was  started. 

Common  red  bricks  manufactured  by  the  Sayre  &  Fisher  Co.  were 
used  in  the  construction  of  the  base  above  the  concrete,  and  were  laid  in 
Portland  cement  and  sand.  This  brick  base  was  28  feet  6  inches  square. 
The  chimney  was  laid  out  immediately  on  top  of  the  concrete  footing 
with  an  internal  diameter  of  10  feet  8  inches,  and  was  pierced  on  the 
south  side  by  an  opening  for  an  underground  flue  5  feet  10  inches  wide 
and  5  feet  to  the  springing  line  of  a  semicircular  arch  which  was  put  in 
with  four  rowlock  courses.  This  brick  base  diminished  in  size  from  the 
outside  by  successive  steps  of  12  inches,  the  first  step  occurring  at  a 
height  of  1  foot  above  the  concrete,  and  the  succeeding  steps  at  intervals 
of  2  feet  each,  which  continued  until  floor  level,  or  -f 12,  was  reached,  at 
which  point  the  foundation  was  reduced  to  18  feet  6  inches  square. 

The  weight  of  the  brickwork  between  the  concrete  and  the  floor  level 
is  approximately  360  tons.  Above  the  floor  level,  to  a  height  of  22  feet, 
the  Sayre  &  Fisher  red  bricks,  laid  in  lime  and  cement  mortar,  were 
used ;  the  thickness  of  the  first  level  of  brickwork  being  40  inches,  at  its 
least  dimension,  the  stack  at  this  level  having  an  internal  diameter  of  11 
feet,  this  diameter  continuing  up  to  22  feet  above  the  floor  level,  where  it 
increases  to  1 1  feet  9£  inches.  The  same  wall  dimensions  continue  up  to 
the  underside  of  the  upper  flue,  which  is  4  feet  above  the  floor  level,  or 
+  16.  The  height  of  the  opening  for  the  upper  flue  is  10  feet  to  the 
springing  line  of  arch,  the  latter  having  a  radius  of  2  feet  6  inches,  the 
thickness  of  the  arch  being  16  inches.  The  thickness  of  the  wall  above 
this  bottom  of  flue  is  36  inches  at  its  least  dimension.  With  the  ex- 
ception of  the  corbeling  out,  this  same  thickness  continues  up  to  the 
beginning  of  the  radial  brickwork. 

Twenty-two  feet  above  the  floor  level  the  exterior  of  the  chimney 
takes  its  circular  form.  The  bricks  used  in  this  portion  were  the  per- 
forated radial  bricks  manufactured  by  the  Alphons  Custodis  Chimney 
Construction  Company.  These  bricks,  made  in  several  sizes,  are  per- 
forated in  a  vertical  direction,  the  perforations  being  about  }  y  1} 
inches.     In  a  brick  10  J  inches  long  there  are  15  perforations,  and  6  in  a 
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5£-inch  brick.  The  external  faces  of  all  the  perforated  bricks  are  6$ 
inches  wide  by  4  inches  in  height.  The  sides  of  the  brick  are  determined 
by  drawing  the  radial  lines  to  the  center  of  the  circle  in  which  it  is 
assumed  the  brick  will  lie. 

The  bricks  for  each  level  are  stamped  with  a  different  number,  indi- 
cating to  which  level  they  belong.  In  laying,  care  was  taken  to  break 
joints. 

The  thickness  of  the  first  level  of  radial  work  was  26  inches,  extending 
upward  13  feet  10  inches.  The  next  level  is  16  feet  5  inches  in  height 
and  24  inches  thick.  Each  successive  level  is  16  feet  5  inches  in  height, 
the  thickness  diminishing  in  the  following  order:  22  inches,  20J,  18 J,  17, 
15,  13, 10$,  8$,  7J. 

The  corbeling  out  of  brick  for  ornamentation  is  confined  entirely  to 
the  last  level.     The  inside  diameter  at  the  top  is  8  feet  6  inches. 

From  the  bottom  of  the  upper  flue  opening,  iron  rungs  were  built  in 
the  brickwork,  forming  a  ladder  to  the  top  of  the  chimney. 

A  lightning  rod,  with  four  points  at  top,  was  placed  on  the  stack  after 
completion,  running  into  the  ground  below  the  water-line. 

From  the  bottom  of  the  lower  flue  opening  to  a  point  22  feet  above 
the  floor  level,  a  baffle  wall,  having  a  thickness  of  8  inches  below  and 
4  inches  above  the  floor  level,  was  built. 

When  the  chimney  was  about  half  completed,  a  test  was  made  with  a 
transit,  and  the  center  was  found  to  be  about  half  an  inch  from  its 
proper  position.     This  error  was  gradually  corrected. 

The  materials  for  construction  were  raised  in  buckets  by  a  steam 
hoisting  engine.  The  work  was  done  from  the  inside  from  platforms 
erected  as  the  work  progressed,  the  platform  also  supporting  the  tripod 
holding  the  pulley  wheel  through  which  the  hoisting  cable  ran. 

In  summary:  The  stack  stands  218  feet  high,  including  foundation, 
the  base  of  the  stack  covering  an  area  of  1156  square  feet.  The  total 
weight  of  the  stack  is  approximately  1640  tons,  with  a  distributed  load 
of  1.42  tons  per  square  foot  of  bottom  area.  It  was  designed  for  2000 
horse-power.     The  total  cost  was  about  $12,250. 
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FIRE-PROOF  CONSTRUCTION  IN  PHILADELPHIA. 

EDWIN    F.    BERTOLETT. 
Read  May  18,  1901. 

A  gentleman  prominently  connected  with  the  Insurance  Patrol  of 
Philadelphia,  in  conversation  with  me  a  few  days  since,  said :  "  There  is 
but  one  fire-proof  building  in  Philadelphia ;  that  is  the  powder  maga- 
zine, and  it  is  empty."  As  I  walk  Broad  Street  I  see  emblazoned 
against  the  night  sky  the  words  "  Fire  Proof"  in  a  blaze  of  electric  fire, 
but  this  is  not  the  powder  magazine  over  which  the  title  stands.  These 
two  apparently  conflicting  opinions  form  basis  for  serious  thought  and 
research.  It  will  be  the  aim  of  this  paper,  to  an  extent,  to  direct  atten- 
tion to  the  developments  of  the  past  and  present  in  the  matter  of  render- 
ing our  structures  invulnerable  to  fire  and  flame.  To  discuss,  in  detail, 
the  chemistry  of  combustion,  its  peculiar  effect  upon  all  classes  of  mate- 
rial used  in  building  operations,  and  the  mathematics  of  various  forms  of 
construction  will  require  greater  length  of  time  than  we  have  at  com- 
mand for  a  brief  paper  of  this  character.  Each  in  itself  forms  an  inter- 
esting chapter.  Neither  shall  I  attempt  to  discuss  what  is  termed  slow- 
burning  construction  or  the  devices  and  methods  for  the  retarding  of 
fires  in  otherwise  combustible  buildings.  I  shall  endeavor  to  consider 
only  that  class  of  construction  which  makes  for  absolute  indestructi- 
bility, though  I  can  not  but  feel  that  the  present  condition  of  the  science 
of  fire-proof  construction  is  an  aim  at  or  a  striving  for,  with  a  manifest 
consciousness  of  the  almost  impossible  attainment  of,  the  ultimate ;  and 
since  we  are  to  review  the  interesting  past  developments  of  the  art  of  fire- 
proof construction  through  the  medium  of  present  practices  and  inter- 
vening experiences,  I  think  it  will  be  profitable  to  consider  at  the  outset 
some  phases  of  the  present  status  of  practical  fire-resisting  and  fire- 
proofing  work,  and  thus  clear  the  environments  of  the  past  and  early 
attempts  of  much  that  has  proved  highly  illusive  and  in  some  things 
wholly  erratic.  Progress  has  surely  been  made,  though  many  sacrifices 
are  made  to  commercial  expediencies ;  there  is  much  that  is  still  exper- 
imental in  the  present  practices  in  fire-proofing  work.     The  past  thirty 
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years  have  served,  by  many  costly  and  humiliating  lessons,  to  impress 
the  essential  character  of  much  that  was  formerly  regarded  only  as 
superfluous;  other  things  that  have  been  deemed  highly  important  have 
been  eliminated.  It  has  been  proved  that  non-combustible  and  non- 
inflammable  are  qualities  by  no  means  the  synonym  of  fire  proof;  that 
the  same  processes  which  produce,  under  certain  favorable  and  fixed 
conditions,  sometimes  destroy  under  slightly  modified  or  varied  con- 
ditions. The  destruction  by  fire  is  a  question  of  intensity  only,  and  as 
the  floor  and  supporting  loads  vary  in  classifications  of  buildings,  and  a 
building  designed  to  carry  a  load  of  100  pounds  per  square  foot  of  floor 
should  not  be  required  to  carry  200  pounds  per  square  foot,  so  a  building 
designed  to  be  fire  proof  for  one  class  or  purpose  can  not  be  expected  to 
be  fire  proof  when  occupied  with  much  more  highly  inflammable  mate- 
rials, and  the  application  is  just  as  direct,  practical,  and  reasonable  in 
one  case  as  in  the  other.  Time  and  experiences  have  served  to  prove 
that  metals  can  not,  even  in  incipient  fires,  be  regarded  as  safe,  when 
exposed  to  its  action,  and  that  almost  the  entire  line  of  building-stone 
in  common  use  has  proved  a  very  temporary  barrier  to  flame  and  heat, 
while  at  this  time  serious  consideration  is  given  that  paradox  of  modern 
material,  fire-proof  wood. 

The  conditions  referred  to  have  complicated  the  work  of  the  architect 
and  engineer,  not  only  with  the  obligation  of  providing  for  supporting 
and  staying  the  structure,  but  with  covering  the  structural  features 
with  defensive  armor  of  fire-  and  heat-resisting  materials  of  such  form 
and  character  as  will  render  the  same  acceptable  to  the  taste  and  com- 
fort of  the  occupant.  And  this  obligation  has  assumed  most  dominat- 
ing importance ;  it  has  puzzled  inventive  genius  and  interested  capital ; 
it  has  built  high  hopes,  fostered  great  expectations,  and  overturned  the 
logic  of  philosophers ;  and  to-day  it-  remains  largely  a  question  of  de- 
gree. We  require,  without  doubt,  many  inconsistencies.  As  a  rule, 
side,  wall  supports  are  much  better  protected  than  interior  columns  and 
girders,  simply  because  it  is  convenient  so  to  do ;  outside  walls  are  pro- 
tected, according  to  city  regulations,  with  eight  inches  of  brickwork  or 
six  inches  of  terra  cotta  against  the  more  remote  consequences  of  a  fire 
across  the  street,  and  yet  many  interior  supports  are  deemed  amply 
protected  with  a  mere  fraction  of  this  thickness;  severe  and  exacting 
law  requires  that  each  and  every  small  property  be  divided  from  its 
neighbor  by  an  ample  fire-wall  without  communication  therein,  and  yet 
a  third  party  may  fill  a  whole  city  block  with  story  upon  story  of  the 
most  inflammable  of  buildings  and  tier  upon  tier  of  merchandise,  suffi- 
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cient  in  itself  to  destroy  a  city  ward,  provided  he  is  satisfied  with  his 
share  of  the  risk ;  the  most  defensive  walls  are  left  with  the  most  vul- 
nerable openings,  for  commercial  reasons;  and  these  things  are  done  in 
the  light  of  our  knowledge  of  materials  and  their  properties,  in  the  face 
of  admonition  and  experience,  and  with  apparent  disregard  of  the  con- 
sequences; consolation  is  taken  in  the  confession  that  the  fire-proof 
building  is  an  ideality,  not  a  reality;  that  no  one  has  yet  been  able  to 
produce,  or  at  least  has  not  had  the  courage  to  produce,  the  absolutely 
fire-proof  structure ;  that  is,  one  in  which  the  combustible  contents  of  a 
room  or  an 'apartment  may  be  damaged  or  consumed  by  fire  without 
affecting  those  of  an  adjoining  apartment,  floor,  or  building.  The  term 
fire  proof,  therefore,  must  be  considered,  like  the  morals  of  men,  a  rela- 
tive term;  each  building  must  continue  to  bear  a  certain  relation  to 
those  adjoining;  the  standard  of  immunity  from  destruction  by  fire  is 
raised  by  the  fire-resisting  qualities  of  its  neighbors,  and  every  fire-proof 
floor,  roof,  and  other  detail  introduced  counts  for  just  that  much  of  an 
advance,  and  while  the  days  of  test  and  examination  of  materials  are 
upon  us,  and  while  we  have  been  gradually  emerging  from  the  experi- 
mental stage,  still  hesitating  between  correct  methods  and  commercial 
expediencies,  vast  quantities  of  detail  fire-proofing  work  offer  the  broad- 
est field  for  most  careful  consideration.  Light  wells,  elevator  shafts, 
corridor  partition  lights,  doors,  trim,  and  floors  are  all  subjects,  so  far  as 
Philadelphia  is  concerned,  still  receiving  comparatively  primitive  treat- 
ment in  the  finest  and  largest  office  and  apartment  and  hotel  structures; 
and  though  heralded  as  fire  proof,  contain  much  unnecessary  and  super- 
fluous woodwork,  and  the  most  combustible  furnishings,  the  absence  of 
which  would  not  only  reduce  the  fire  risk,  but  add  much  to  the  sanitary 
condition  of  the  structure.  The  furnishings  have  an  important  bearing 
upon  the  fire-resisting  qualities.  The  contents  of  home  or  store,  hotel 
or  warehouse,  can  not  be  fire  proofed,  but  much  can  be  done  to  lessen 
the  rapid  spread  of  fire  in  any  building;  much  inflammable  matter  is 
exposed  in  our  offices  that  should  be  placed  in  the  fire-proof  vaults  and 
receptacles.  Simplicity  of  furnishings  will  improve  our  homes,  hotels, 
and  apartments.  In  our  stores  and  shops  less  inflammable  tables  and 
shelves  bearing  non-inflammable  goods  should  alternate  with  the  more 
inflammable  goods,  and  in  warehouses  areas  should  be  reduced  and 
divided  in  minimum  dimensions  for  the  purposes  by  means  of  suitable 
and  approved  fire  walls,  doors,  and  partitions,  which  may  in  many  in- 
stances be  made  part  of  the  structural  design  and  not  a  mere  adjunct  or 
extra. 
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The  absolutely  fire-proof  house  or  building  will  have  no  wood  in  its 
construction  unless  it  be  fire  proofed ;  it  will  have  its  doors  and  windows 
of  incombustible  materials,  and  the  more  vulnerable  parts  of  these  will 
be  protected  against  the  direct  contact  with  flame  and  heat.  Its  floors 
will  be  cement  or  tile  finished  as  well  as  cement  or  tile  constructed,  the 
light  will  be  admitted  through  fire-resisting  glass,  and  direct  communi- 
cation between  stories  will  be  through  stairs  or  elevators  placed  in 
special  fire-proof  shafts,  with  which  communication  will  be  had  by  fire- 
proof doors  only.  Partition  lights  or  sashes  and  communicating  open- 
ings will  be  reduced  to  a  minimum,  all  corridors  being  directly  lighted 
from  the  exterior;  all  heatings,  lighting,  and  other  communicating  feat- 
ures common  to  all  parts  of  the  structure  will  be  placed  in  separate  and 
special  fire-proof  ducts  or  shafts,  closed  at  each  floor  with  metal  or  fire- 
resisting  doors.  In  short,  each  apartment,  and  therefore  each  building, 
will  be  at  once  convertible,  in  emergency,  into  a  furnace  or  cremator}', 
in  which,  without  injury  to  any  other  apartment  or  building,  the  eon- 
tents  thereof  may  be  utterly  destroyed,  for  the  conditions  under  which 
all  the  contents  of  our  stores,  our  homes,  our  shops,  and  our  offices  will 
in  themselves  resist  fire  can  not  at  this  age  be  anticipated. 

Prior  to  the  production  of  the  rolled  iron  "  I "  beams  in  the  year  1854, 
the  only  form  of  fire-proof  construction  of  floor  system  that  we  find  in 
our  city  and  suburbs,  and  of  which  some  good  examples  are  still  to  be 
seen  intact,  was  or  is  the  brick  groined  arch,  which  with  all  its  oppres- 
sive stolidity,  its  obtrusive  monotony  of  interior  effect,  its  extravagant 
occupancy  of  space  and  head  room,  and  voluminous  masses  of  dead 
materials,  as  a  fire-proof  form  of  construction  pure  and  simple  is  one  for 
which  no  apologies  need  be,  and  no  unfavorable  comparisons  with  more 
modern  methods  can  be,  made.  This  form  of  construction  was  in  uni- 
versal use  by  the  Government  at  that  period  for  record  rooms  and 
offices ;  it  is  now  to  be  seen  in  many  State  capitols  and  numerous  court- 
houses, and  in  Philadelphia  is  notable  in  the  front  part  of  the  Franklin 
Institute  Building,  and  was  the  form  of  construction  used  in  the  court- 
houses which  formerly  flanked  Independence  Hall,  since  removed  dur- 
ing restorations.  As  usually  constructed,  it  is  faultless  of  iron  ties  or 
supports,  the  intersecting  arches  are  usually  of  such  full  segment  form 
.  as  to  confine  the  lateral  thrust  within  the  safe  overturning  moments  of 
the  abutting  walls  and  corner  piers,  the  back  spandrels  being  usually 
filled  to  or  above  the  crown  of  the  arches  with  a  solid  mass  of  bricks  or 
stone  and  cement  or  mortar,  and  the  plastering  being  placed  directly  on 
the  soffit  of  the  brick  arches ;  the  very  homogeneity  of  the  entire  con- 
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struction  was  a  sufficient  guarantee  of  the  strength  and  fire-proof  quali- 
ties of  the  entire  mass,  and  the  interior  effect  is  not  unpleasing,  but,  in 
contrast  with  the  usual  flat  ceiling,  possesses  an  interest,  a  dignity,  and 
a  uniqueness  of  its  own. 

The  illustration  shown  is  from  the  court-house  at  West  Chester,  built 
in  1846,  designed  by  Mr.  T.  U.  Walter,  Architect.  This  work  is  con- 
fined to  the  entire  first  story  and  basement,  in  the  first  of  which  are 
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Fig.  1. — Intrkior  Court-hoitsk,  West  Chester. 

located  the  various  court  offices ;  the  second  story  being  divided  entirely 
by  brick  walls,  but  surmounted  by  wood,  ceiling  and  roof  construction, 
and  occupied  by  the  court-rooms  proper.  The  entire  construction  is  of 
such  solid  proportions  that  no  reasonable  doubt  can  be  indulged  of  the 
entire  safety  of  the  offices  below,  even  though  the  rooms  above  were  to 
be  entirely  destroyed.  The  windows  and  doors  are  further  protected 
by  heavy  plate-iron  doors  and  jambs  throughout  the  ground  or  office 
floor. 

Floor  systems  of  this  character  are  enormously  heavy.     The  arches 
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at  court-house  row  have  been  estimated  to  weigh  217  pounds  per 
square  foot  by  Mr.  Merritt.  Those  at  the  West  Chester  court-house 
are  even  heavier  than  this.  The  strength  of  the  groined  brick  arch 
construction  is  measured  entirely  by  the  crushing  strength  of  the  brick 
and  mortar  used  in  the  vaulting  and  the  stability  of  the  abutment  walls. 
It  is  a  system,  of  course,  wholly  inapplicable  to  our  modern  needs,  and 
even  then  was  confined  to  lower  stories  of  structures  of  very  moderate 
height. 

The  next  signal  advance,  if  it  may  be  called  such,  in  the  matter  of 
construction  of  fire-proof  floor  system  in  Philadelphia  building  work 
was  coincident  with  the  introduction  of  the  manufacture  of  "I"  beams 
in  this  country.  There  are  a  few  instances  of  the  use  of  cast  beams  for 
floor  construction  prior  to  the  use  of  the  rolled  wrought-iron  I  beam,  but 
they  are  at  this  time  only  of  interest  as  a  historical  fact,  as  illustrating 
the  total  lack  of  knowledge  upon  the  subject  of  the  effect  of  fire  upon 
cast-iron,  rather  than  one  showing  any  advance  in  the  structural  arts  or 
being  of  any  scientific  value  whatever.  I  am  not  advised  that  such 
cast-iron  floor  systems  were  used  in  any  important  Philadelphia  work 
outside  of  a  few  of  the  older  brewery  warehouses,  where  the  purpose 
was  not  so  much  to  provide  against  fire  as  to  avoid  the  weakening  and 
rotting  out  of  warehouse  floors,  that  were  subject  to  frequent  inunda- 
tions, from  overflowing  and  washing  of  the  large  vessels  used  for  stor- 
age of  the  liquors. 

The  manufacturing  of  rolled  I  beams,  having  been  begun  successfully 
at  Trenton,  N.  J.,  in  1854,  one  year  after  their  first  production  in 
France,  gave  the  first  essential  element  of  the  modern  fire-proof  floor, 
and  although  it  is  claimed  they  were  first  used  in  a  neighboring  city, 
Philadelphia  architects  and  builders  were  quick  to  avail  themselves  of 
the  opportunity  to  improve  the  durability  of  their  work,  and  several 
buildings  using  I  beams  of  the  first  or  early  production  remain  to  bear 
witness  to  that  important  period.  Evidently,  under  the  misapprehen- 
sion that  iron,  like  brick,  was  a  fire-proofing  material,  in  all  cases  for  a 
number  of  years  no  effort  was  made  to  protect  the  iron  posts,  beams, 
and  girders  in  any  part  that  could  be  conveniently  left  exposed ;  in  rare 
instances  a  flat  ceiling  extended  below  the  flanges  of  the  floor  beams, 
but  no  effort  was  made,  in  this,  to  afford  the  ironwork  what  was  then 
regarded  as  useless  protection.  In  a  majority  of  the  structures  of  this 
period,  the  concave  soffits  of  the  arches  between  the  beams  were  devel- 
oped into  a  concave  panel  by  means  of  a  plaster  mold  run  on  the  lower 
flange  of  the  supporting  beams,  and  the  same  mold  continued  along  the 
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wall  at  the  ends  of  the  beams,  immediately  under  the  flanges  of  the  same. 
This  form  of  construction  has  been  used  in  a  large  number  of  public  and 
private  buildings  in  and  throughout  the  city,  among  the  oldest  of  which, 
if  not  the  oldest,  is  the  Lehigh  Valley  R.  R.  Co.'s  buildings  at  Third 
Street  and  Willing^  Alley. 

It  is  the  form  of  floor  system  used  in  many  banks,  and  the  City  Hall  is 
thus  floored  throughout.  The  best  form  of  I  beam  and  brick  arch 
construction  was  always  laid  with  hard  bricks  in  cement  mortar,  start- 
ing on  the  lower  flanges  with  a  molded  brick  skewback  brick  against  the 
web  of  the  beam,  and  with  the  arches  laid  with  broken  joint  over  a 
wooden  center  supported  also  on  wrought-iron  hooks  from  the  same 
lower  flanges,  the  arch  having  a  rise  at  center  of  from  five  to  eight  inches, 
in  spans  of  from  four  feet  to  five  feet  six  inches,  filled  in  the  back  to  and 
above  the  beams  with  concrete,  in  which  nailing  strips  to  receive  the 
floors  were  always  embedded.  This  form  of  floor,  for  many  purposes, 
was,  and  even  now  is,  sufficiently  near  fire  proof  to  serve  the  purposes 
of  its  origin;  but  its  weight  when  backed  out  with  concrete  is  much 
greater  than  is  necessary;  it  can  never  be  used  in  any  connection  with- 
out the  rigid  cross-tying  of  the  iron  beams  against  the  lateral  thrust  of 
the  segmental  arches  of  brick.  The  average  weight  of  a  floor  system  of 
this  character,  including  the  supporting  beams,  backing  concrete,  and 
brick  arch  in  spans  of  five  feet,  is  about  100  pounds.  Its  ultimate 
strength  in  cement  mortar  for  uniform  loading  (?)  is  measured,  if  haid 
bricks  are  used,  by  the  strength  of  beams  and  ties,  rather  than  by  the 
brick  arches  and  concrete  backing. 

The  early  attempts  at  fire  proofing  were  almost  entirely  confined  to 
the  floor  system  and  iron  columns,  and  in  connection  therewith  wood 
stud  lath  and  plaster  partitions  are  only  too  common. 

Hollow  burned  clay  tiles,  for  floor  support,  were  used  in  this  country, 
I  am  advised,  in  the  Cooper  Institute  in  New  York  almost  as  soon  as  I 
beams  were  available  for  the  purpose  of  supporting  them,  but  their  use 
was  not  general;  the  brick  arch  of  one  and  two  bricks  on  edge  between 
iron  beams  continued  for  years  to  be  the  acceptable  means  and  the  ulti- 
mate measure  of  fire  proofing  buildings,  and,  strange  as  it  may  seem  to 
us  now,  beyond  an  iron  or  stone  stairway  and  a  floor  system  of  I  beams 
and  brick  arches,  but  little  advance  in  the  matter  of  fire-proof  con- 
struction can  be  noted  in  the  building  work  of  Philadelphia  from  1860 
to  1885. 

During  this  period  a  Philadelphian  named  Gilbert  devised  a  corru- 
gated sheet-iron  centering  with  a  skewback  engaging  the  ends  of  the 
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same,  fitted  to  the  angle  of  lower  flange  of  I  beams.  This  found  but 
limited  use,  however,  and  while,  in  itself,  in  light  of  more  recent  inves- 
tigation, far  from  fire  proof,  yet  with  the  great  depth  of  concrete  neces- 
sary to  fill  the  space  to  or  above  the  supporting  I  beams,  considering  the 
thin  metal  used,  it  was  at  least  but  a  very  slight  retrogression,  if  any, 
from  the  brick  arch,  in  use  of  both  of  which  lateral  tie  rods  were  neces- 
sary between  the  beams;  the  lower  flanges  were  protected  in  neither. 
The  sole  advantage  of  the  Gilbert  method  of  construction  would  seem 
to  be  that  it  formed  or  provided  its  own  centering,  in  which  feature  we 
shall  find  its  counterpart  in  more  recent  practice  in  other  materials. 

This  form  of  so-called  fire-proof  construction  would  seem  to  be  little 
more  than  a  concrete  arching,  with  the  metal  centering  remaining  in 
place,  in  many  locations  doomed,  by  reason  of  its  exposure  to  early 
destruction,  and  at  any  time  of  comparatively  small  independent 
strength,  since  an  eccentric  loading  will  cause  the  naked  centering  to 
yield  sufficiently  to  disengage  its  support  on  the  lower  flange  of  the 
beams. 

This  form  of  floor  presents  nothing  novel  to  our  present  view  of  the 
matter,  and  is  chiefly  interesting  as  being  a  Philadelphia  product. 

The  first  use  of  hollow  clay  tile  and  iron  beams  in  our  city  of  which  I 
can  find  any  record  is  still  extant  in  that  pioneer  modern  office  building, 
designed  by  Mr.  Addison  Hutton,  at  Fourth  and  Chestnut  Streets,  and 
popularly  known  as  the  Wood  Building.  It  was  erected  in  1881.  The 
side  construction  hollow  terra  cotta  arch  floor  system  produced  by 
Henry  A.  Maurer  &  Son  was  used ;  no  effort  was  made  to  cover  the  lower 
flanges  of  the  beams,  excepting  with  a  coat  of  cement  between  the  slight 
projections  of  the  tiles,  which  received  the  mortar  or  plaster  direct. 
The  building  is,  of  course,  far  from  proof  against  fire;  the  posts  and 
girders  of  iron  are  all  exposed,  an  open  stairway,  an  elevator  shaft,  and 
an  open  light  shaft,  extending  from  first  floor  to  roof  with  a  wood- 
trimmed  sash  inclosure  all  around  the  four  sides,  would  turn  the  whole 
structure  into  a  furnace  with  great  promptness;  but  the  building  is, 
nevertheless,  a  step  toward  reducing  dead  loads  of  fire-resisting  floors 
to  rational  weight,  which  even  at  this  day  remains  too  high. 

An  American  patent  was  issued  to  F.  A.  Peterson  on  hollow  tile  floor 
construction  of  burnt  clay  and  I  beams,  or  the  equivalent  of  the  latter  in 
deck  beams,  or  double  channel  beams,  as  was  actually  used  in  one  of  the 
first  buildings.  The  date  of  this  patent  is  April  3,  1855 ;  as  shown  in 
this  drawing,  the  beams  were  set  but  two  feet  six  inches  apart,  and  a 
single  hollow  tile  filled  the  space  between,  projecting  but  slightly  below 
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the  flanges  of  the  I  beams;  their  introduction  was  not  extended,  and 
throughout  the  country  little  attention  seems  to  have  been  given  the 
subject  until  after  the  great  Chicago  fire,  in  1871,  when  a  limited  number 
of  floors  were  laid  on  iron  beams  and  terra  cotta  tiles  both  in  New  York 
and  Chicago ;  but  not  until  after  the  advent  of  the  modern  office  build- 


First  American  Patent  Hollow  Floor  Tile,  Cooper  Institute,  issued  to  F.  A.  Peterson, 
Architect,  April  3,  1855.     Made  by  hand. 


American  Patent,  issued  August  21,  1866,  to  Maurice  Aubord. 


Flat  Arch,  made  in  1875,  by  Henry  Maurer  A  Son. 
Fio.  2. — Types  op  Early  Floor  Construction. 

ing — the  first  of  the  species  being  the  Montauk  Block,  Chicago,  in  1881, 
coincident  with  the  construction  of  the  Wood  Building  in  Philadelphia 
— does  the  serious  introduction  of  fire-proof  floors  in  business  and  hotel 
buildings  seem  to  have  obtained  consideration. 
4 
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This  period  was  soon  followed  by  the  advent  of  the  sky-scraper  and 
the  use  of  light,  incombustible,  and  strong  floor  and  wall  materials,  for 
these  were  at  once  recognized  as  an  imperative  necessity.  Philadel- 
phia^ first  successes  in  this  line,  the  Girard  Trust  and  Drexel  Buildings, 
the  latter  of  which  erected  in  1887,  has  a  floor  system  of  steel  beams  and 
terra  cotta  arches  on  an  iron  or  skeleton  frame,  faced  with  white  marble 
on  the  exterior  and  backed  on  the  frame  with  hard  bricks.  It  is,  fortun- 
ately, situated  among  buildings  in  which  fire-retarding  or  fire-resisting 
materials  largely  prevail,  with  much  intervening  space  all  around  it,  and 
is  therefore,  perhaps,  as  secure  from  damage  by  fire  as  any  building  in  the 
city ;  with  the  marble  envelope  of  its  iron  frame  in  a  more  exposed  posi- 
tion, or  in  closer  proximity  to  combustible  buildings,  the  damage  from 
an  adjoining  fire  might  be  very  great.  From  this  period  to  the  present 
time  a  great  variety  of  fire-proof  floor  systems  have  been  proposed  and 
a  large  number  of  them  introduced  into  Philadelphia  buildings.  Lim- 
ited time  will  permit  a  hurried  consideration  of  a  few  only  of  the  more 
favorably  considered,  together  with  some  of  the  minor  fire-proofing 
building  details  and  devices. 

While  the  range  of  materials  now  recognized  to  be  available  for  fire- 
proofing  purposes,  either  independently  or  directly,  as  the  filling  be- 
tween floor  beams,  for  construction  of  the  principal  and  minor  subdivi- 
sion walls,  ceilings,  or  roofs  of  fire-proof  buildings,  or  for  the  protection 
of  the  metallic  members  for  the  reception  and  transmission  of  the 
chief  strains  from  the  loading,  both  dead  and  live,  and  from  storms  and 
wind,  has  narrowed  to  a  small  list  indeed,  much  ingenuity  has  been  ex- 
pended in  devising  varied  forms  and  means  for  applying  them,  and  in 
as  varied  combinations;  we  find  in  Philadelphia,  for  protection  to  skele- 
ton framing  of  some  very  high  and  important  buildings,  such  combina- 
tions as  bricks  and  limestone,  bricks  and  granite,  granite  and  marble, 
and,  in  a  few  instances,  marble  and  granite  alone.  Of  these,  the  bricks 
and  terra  cotta  alone  can  really  be  considered  a  fire-proof  material, 
granite  and  marble  cracking  and  crumbling  badly  under  the  action  of 
heat,  and  with  much  greater  violence  upon  the  application  of  a  hose 
stream  during  a  fire.  The  more  recent  structures,  however,  have  been 
almost  entirely  constructed  with  brick  and  other  forms  of  burnt  clay 
facings  above  the  few  lower  stories,  marble  or  granite  work  being,  as  a 
rule,  confined  to  the  entrances  and  facing  of  the  ground  floor,  where  in 
event  of  a  fire  the  effects  of  heat  would  be  least  marked. 

With  reference  to  floor  systems  in  practical  use,  the  varied  forms  and 
combinations  of  materials  are  much  greater  than  those  for  exterior  walls 
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and  coverings,  the  terra  cotta  arch  of  hollow  tile  in  itself  having  been  used 
in  not  less  than  ten  distinct  forms,  for  bridging  between  and  protection 
of  the  lower  flanges  of  the  I  beam  joists;  besides  which  we  have  in  use 
floor  systems,  combinations  of  bricks,  iron  ribs,  and  concrete,  with  wire 
lath  and  cement  plaster  ceilings  for  beam  protection,  as  in  the  Real 
Estate  Trust  Building  and  "North  American"  Building;  or  stiffened 
wire  lath  and  cement  floor  and  ceiling  beam  protection,  as  used  in  the 
Philadelphia  Bourse;  combinations  of  terra  cotta,  lintel,  and  concrete, 
as  used  in  the  Lorraine  Apartment  House,  Broad  Street  and  Fairmount 
Avenue;  expanded  metal  and  cement  floor  and  ceiling  protection,  as 
used  in  the  Gibson  Building;  iron  rod  or  bar  and  cement  floor 
system  with  metal  lath  and  hard  plaster  ceiling  protection,  as  used 
in  the  Columbian  Fire-proof  Floor  System  in  the  office  and  store 
building  at  Twelfth  and  Chestnut  Streets.  The  cement  arched  floor 
system,  as  used  by  the  Vulcanite  Company  on  permanent  calcined 
plaster  centerings  in  the  Stetson  mills  and  office,  at  Fourth  Street  and 
Montgomery  Avenue,  represents  the  combination  of  plaster  board  and 
concrete  fire  proofing  and  beam  protection,  while  the  Keystone  Plaster 
Company,  of  this  city,  with  works  at  Chester,  has  produced  a  fire-proof 
floor  arch,  using  expanded  metal  in  combination  with  specially  treated 
calcined  plaster  cast  into  protecting  skewbacks  for  the  iron  girders  and 
floor  beams,  and  a  single  arch  block  to  be  used  between.  It  is  probably 
inevitable  that  a  field  so  attractive,  from  both  a  scientific  and  commer- 
cial standpoint,  for  experiment  and  profit  as  the  fire  proofing  of  build- 
ings, should  lead  to  the  proposing  of  many  peculiar  and  almost  freakish 
devices  for  the  purpose,  and  many  others  which,  by  reason  of  the  prohibi- 
tive cost,  excellent  though  they  may  be,  eliminate  them  from  the  com- 
petitive field  of  practical  work. 

One  very  worthy  firm  has  offered  the  public  a  device  for  fire  proofing 
wooden  joist  systems  by  surrounding  them  entirely  with  concrete,  for 
which  purpose  it  was  proposed  to  attach  to  either  side  of  the  wooden 
joist  angle  irons  of  such  form  as  to  lend  the  strength  of  its  camber  to 
both  the  joist  and  the  concrete;  in  the  light  of  what  has  been  accom- 
plished with  concrete  in  combination  with  iron  bars,  or  spans  fully  as 
great,  it  might  be  asked,  Why  use  the  wooden  joists  at  all? 

Terra  cotta  ceiling  blocks  and  wire  and  metal  lathing  have  been  and 
still  are  being  offered  as  a  fire  proofing  for  wood  construction.  They 
can  only  be  considered  when  of  such  proportion  and  quality  and  ap- 
plied to  such  bearing  members  as  insure  their  stability  both  in  the 
presence  of  fire  and  in  the  subsequent  application  of  water  under  heavy 
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pressure  from  modern  fire-extinguishing  appliances;  indeed,  the  same  is 
emphatically  true  of  every  fire-proofing  material  worthy  of  serious 
consideration. 

A  comparatively  new  form  of  hollow  tile  floor  system  is  now  being 
introduced  by  Maurer  &  Son,  clay  and  terra  cotta  manufacturers, 
known  as  the  "Herculean  Fire-proof  Floor  System/'  wrhich,  from  the 
past  success  of  the  firm  and  the  reliable  and  standard  character  of  all 
their  former  products,  is  worth  careful  consideration.  Tests,  both  as  to 
strength  and  fire  resistance,  have  shown — the  latter  in  experimental 
cases  only — very  satisfactory  results;  it  is  perhaps  the  most  nearly 
homogeneous  terra  cotta  floor  construction  yet  produced. 

It  consists  of  a  series  of  end-construction,  hollow,  terra  cotta  tiles, 


Fig.  3. — "Hbrculean"  Flat  Arch. 

varying  in  thickness  from  six  to  twelve  inches,  according  to  the  span 
and  weight  fb  be  carried.  In  plan  these  tiles  are  12  inches  square,  and 
along  either  side  joint,  writhin  a  safe  distance  from  the  tops  and  bottom 
face  of  all  tiles,  runs  a  continuous  "L  "-shaped  groove  to  receive  in  a 
cement  joint  a  two-by-two-inch  rolled  "T"  iron,  which  is  made  of  the 
proper  length  to  extend  the  full  span  of  the  floor  systems,  from  wall  or 
support  to  support.  The  tiles  are  carefully  set  in  place  on  wood  sup- 
port or  so-called  centering,  the  "  T"  irons  cemented  into  top  and  bottom 
of  all  joints,  the  tiles  being  carefully  cemented  throughout  all  joints  as 
they  are  set,  and  the  whole  left  to  set  up  for  a  time;  the  end  blocks  are 
given  a  bearing  with  "  T"  irons  of  four  inches  in  the  supporting  walls  or 
girders.  This  system  of  terra  cotta  construction  demands  more  than 
ordinary  care  in  setting ;  a  large  amount  of  iron  beam  work  is  eliminated, 
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and  the  "T"  iron  ties,  for  they  are  only  such,  are  so  thoroughly  pro- 
tected by  being  embedded  in  the  terra  cotta  that  no  failure  through  the 
iron  members  can  be  considered  probable. 

I  have  examined  some  spans  of  this  system  of  twenty  feet  clear,  after 
being  in  place  for  a  month;  have  noted  the  wonderful  rigidity,  natural 
elasticity,  and  other  attractive  qualities.  There  is  in  place  now  in  a 
small  building  on  Uber  Street  a  floor  of  this  form  18  by  20  feet,  which  I 
have  had  loaded  with  600  pounds  per  square  foot  with  very  slight  deflec- 
tion. The  strength  of  the  floor  is,  of  course,  developed  by  the  continuous 
character  of  the  "  T"  iron  ties  and  the  compression  of  the  top  members 
of  the  terra  cotta  blocks,  with  the  possible  tensile  bond  of  the  lower 
members  reinforcing  the  same ;  exceptional  care  would  seem  to  be  neces- 
sary, in  the  proper  adjustment  of  all  the  joints  and  bearings,  in  fitting  and 
cementing  the  various  blocks  of  this  floor  in  place,  and  it  would  seem  of 
special  importance  that  the  cementing  of  the  "  T"  iron  ties  in  the  groove 
at  side  of  the  blocks  should  be  of  the  very  best  material  and  executed 
without  fault. 

The  terra  cotta  floor  fire  proofing  in  common  use  in  Philadelphia  is  of 
two  general  forms;  as  used  in  the  early  practice  and  at  this  time  where 
the  ceiling  finish  is  not  a  critical  matter,  it  consisted  of  segmental  arch 
of  a  hollow  tile  skewback  and  a  series  of  hollow  tile  voussoirs,  which 
are  set  between  the  rolled  I  beams  with  cement  joints,  the  back  and 
haunches  of  these  arches  being  filled  above  the  I  beams  with  cement  and 
cinder  concrete,  in  which  the  floor  nailing  strips  are  embedded  at  inter- 
vals of  sixteen  inches  centers ;  the  skewbacks  in  all  more  recent  cases 
forming  the  beam  protection.  There  are  points  of  weakness  in  this 
form  of  construction,  however,  as  the  radial  webs  forming  part  of  the 
joint  are  subjected  to  practically  the  same  pressure  as  the  top  and 
bottom  horizontal  or  arch  wTebs,  jeopardizing  the  tile;  to  overcome 
this  difficulty,  and  for  the  purpose  of  affording  a  flat  ceiling,  the 
form  known  as  end-construction  arch  is  now  almost  universally 
used  in  terra  cotta  floor  work.  These  are  made  up  of  beveled-face 
skewbacks  and  key  blocks  of  same  bevel,  the  voussoirs  also  of 
same  bevel,  on  account  of  the  difficulty  and  complications  arising 
in  the  manuf acture  and  the  sorting  and  handling  involved  in  setting  in 
proper  position  blocks  of  radial  jointing,  it  having  been  found  imprac- 
ticable to  confine  the  construction  to  radial  joints.  Thus  it  will  be 
noted  that  in  each  arch  section  but  three  forms  of  blocks  are  required, 
the  skewbacks  on  either  side  being  of  precisely  the  same  form;  all 
voussoirs  are  similar,  though  set  on  opposite  sides  of  the  key,  the  key 
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itself  being  the  third  form.  The  voussoirs  are  further  interchangeable 
by  making  both  the  top  and  bottom  beds  or  soffits  and  top  corrugated 
or  dovetailed  to  receive  the  plastering  work,  and  are  reversible  either 
by  inverting  or  reversing  endwise  on  alternate  sides  to  the  key.  It  is 
important  that  the  direction  of  the  line  of  pressure,  and  therefore  the 
tangent  or  secant  at  right  angles  to  the  joint,  fall  within  the  central 
third  of  the  depth  of  the  arch  in  order  to  insure  the  perfect  stability  of 
the  whole  arch.  Much,  further,  depends  on  the  care  and  skill  of  the 
workmen  in  setting  the  mortar  for  the  various  joints,  since  pressure  is  so 
directly  and  continuously  transferred  along  both  horizontal  and  vertical 
webs  of  the  tile  to  the  skewback ;  this  is  really  the  crucial  point  in  secur- 
ing the  full  strength  of  the  arch. 

In  many  locations  upon  buildings  of  irregular  form,  where  beam 
lines  and  side  walls  or  girders  intersect  at  acute  angles,  much  difficulty 
is  experienced,  and  much  imperfect  work  in  setting  of  tile  or  brickwork 
of  floors  may  result  in  the  shimming  and  patching  of  cut  pieces  of  tiling, 
for  the  purpose  of  filling  out  the  irregular  angles  and  intersections.  This 
is  a  trouble  less  experienced  in  Philadelphia,  perhaps,  than  in  any  other 
city,  thanks  to  our  checker-board  street  and  block  system.  This  feat- 
ure, however,  does  constitute  a  serious  objection  to  the  use  of  burned 
clay  tiles  in  certain  buildings  and  in  floors  of  curved  form  and  radial 
beam  plan,  and  is  a  point  well  considered  in  adopting  a  form  of  construc- 
tion for  floors  in  any  new  structure. 

The  terra  cotta  used  principally  in  all  arch  construction  is  of  the 
semi-porous  composition  of  clay,  containing  a  percentage  of  kaolin, 
mixed  with  about  sixty  per  cent,  of  sawdust  and,  perhaps,  five  per  cent, 
of  fine  coal  or  coke ;  this  is  thoroughly  mixed  by  machinery  and  carried 
in  batches  to  the  presses,  formed  by  forcing  through  dies  and  sorted, 
dried,  and  burned,  the  details  of  which  process  should  be  known  to 
every  architect  and  engineer,  as  the  first  step  toward  a  knowledge 
of  fire-proofing  methods,  but  which  cannot  be  dwelt  upon  at  this 
time.  Hollow  tiles  for  interior  partition  are  similarly  produced,  set 
as  subdivision  partitions  in  all  of  our  modern  fire-proof  buildings. 
These  blocks  will  receive  and  hold  rails,  much  as  a  piece  of  wood,  and 
practice  has  need  to  avail  itself  of  this  feature  to  a  greater  extent; 
in  nearly  all  our  more  recent  so-called  fire-proof  buildings  the  use  of 
door  studding  of  wood  is  all  too  common  and  quite  uncalled  for,  since 
light  iron  jambs  of  channel  form  are  quite  inexpensive  and  can  be  used 
with  as  good  results  for  preliminary  framing  of  openings  and  as  plaster 
grounds,  and  with  less  peril  to  the  building,  than  can  wood;  within 
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limits,  the  lighter  form  of  sheet-metal  channel  frame — always  riveted, 
not  soldered,  at  the  miters — will  serve  the  purpose  when  exposed  to 
heat  better  than  a  heavy  rolled  channel,  and  with  the  nailing  of  the 
casing  and  trim  directly  to  the  terra  cotta  partition  blocks,  as  is  per- 
fectly feasible,  much  of  the  possible  failure  of  partitions  will  be  elimi- 
nated. 

There  is,  perhaps,  no  fire-proofing  process  so  attractive  in  its  general 
conception  as  that  by  which  continuous  areas  of  almost  unlimited  ex- 
tent, of  any  form,  shape,  or  position,  can  be  covered  or  formed  into  a 
surface  or  wall  or  partition  without  break  or  joint;  for  is  not  this  what 
we  seek  to  effect  in  all  construction? 

Brick  or  stone  walls,  floors,  roofs,  and  columns  are  at  their  best 
only  when  the  joints  between  the  small  parts  are  nearest  to  elimination. 
It  is  a  natural  production  of  this  prevailing  condition  that  the  exten- 
sive use  of  cement  concrete  for  building  purposes  in  connection  with 
modern  methods  of  construction  has  been  so  extensively  developed 
during  the  past  decade.  Concrete,  in  itseJf,  being  a  powerful  material 
under  compression,  but  comparatively  weak  under  tension,  it  is  neces- 
sary that  in  all  floor  constructions  not  uniformly  and  continuously 
supported  a  metal  bond  or  tie  be  used  in  the  lower  part  of  all  cement  or 
concrete  slabs  spanning  between  supports.  Of  this  form  of  construc- 
tion Philadelphia  does  not  afford  as  many  conspicuous  examples  as 
might  be  expected ;  vast  amount  of  detail  and  supplementary  construc- 
tion, however,  evidence  the  adaptability  of  the  processes,  and  numer- 
ous tests  justify  the  acceptability  of  the  methods  of  construction. 
Woven  wire  mesh  and  expanded  metal  in  a  majority  of  cases  form  the 
metallic  base  or  tension  element  of  the  construction,  though  examples 
are  not  wanting  in  which  rods  and  twisted  bars  have  been  used  for 
tensile  members  of  concrete  construction.  The  immense  quantities  of 
water  introduced  in  installing  floor  systems  of  concrete  constitute  the 
chief  objection  to  its  use,  on  a  purely  structural  view  of  the  subject, 
necessarily  delaying  the  introduction  of  floors  and  finish;  but  the 
facility  with  which  forms  of  varied  dimensions  and  sizes  can  be  exe- 
cuted in  this  material  and  with  as  stable  result  and  as  great  neatness  of 
finish  as  work  of  more  regular  character,  will  commend  the  concrete 
form  of  floor  and  partition  work  in  many  cases.  Moreover,  as  a 
preservative  for  the  embedded  steel  beams,  and  the  possibility  of 
filling  small  recesses,  cavities,  and  odd  corners,  that  occur  in  some 
forms  of  construction,  particularly  about  post  and  girder  connections, 
together  with  its  cementing  qualities  at  union  of  floor  and  wall  and 
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floor  and  partition,  make  it,  the  concrete  monolithic  floor  system,  a 
triumph  in  construction. 

The  work  of  placing  concrete  on  bar  or  rod  tension  elements  must, 
in  all  cases,  be  performed  above  a  wood  or  other  centering,  usually 
supported,  with  iron  hooks  from  the  lower  flanges  of  the  supporting 
beams,  with  wood  forms,  inclosing  girders,  after  which  the  whole  is 
filled  from  above  with  the  concrete;  and  being  well  packed  around  and 
above  beams  and  girders  and  well  incorporated  with  the  ironwork,  it 
is  allowed  to  set  for  some  days  before  removal  of  the  supports  and  cen- 
terings. This  work,  being  uniform  and  continuous  and  comparatively 
without  detail,  can  be  executed  by  comparatively  unskilled  labor,  or 
workmen  in  charge  of  an  intelligent  and  practical  foreman,  with  assur- 
ance of  satisfactory  results. 

Only  the  highest  grade  Portland  cements  and  anthracite  boiler 
(steam)  cinders  are  used  by  Philadelphia  architects  and  engineers, 
with  an  admixture  of  fine  stone  grit  or  clean  bar-sand  to  fill  the  smaller 
voids.  The  loading  for  the  structure  itself  is  estimated  on  the  basis  of 
85  pounds  per  cubic  foot  for  cinder  concrete,  with  additions  for  the 
mesh  and  wood  floor,  determined  by  weight,  and  the  final  examination 
by  the  building  department  is  made  by  actual  loading  of  promiscuous 
sections  of  the  floor,  never  to  less  extent  than  600  pounds  per  square 
foot,  placed  clear  of  the  beams,  for  office  or  apartment  house  or  hotel 
work,  and  800 pounds  per  square  foot  for  warehouse,  store, or  mill  work. 

Authoritative  tests  for  strength  and  fire  resistance  of  cement  arch 
and  floor  work,  made  by  entirely  disinterested  and  competent  parties, 
seem  to  indicate  that  the  claims  of  many  proprietors  as  to  the  virtues  of 
their  respective  floor  systems  are  entirely  valid,  but  careful  selection  of 
materials  and  great  uniformity  of  execution  and  manipulation  of  mate- 
rials alone  will  secure  the  best  results;  as  heretofore  stated,  the  chief 
differences  and  special  characteristics  of  the  various  systems  are  in  the 
form  of  metal  tie  or  mesh  used  in  connection  with  the  concrete.  Two 
forms  of  concrete  and  metal  partition  work  are  in  popular  use  for  sub- 
division of  offices  and  apartments,  the  thinner  partitions  being  made 
solid  by  filling  in  between  two  thicknesses  of  wire  mesh,  or  expanded 
metal,  wire  lashed  to  vertical  angle  irons,  extending  from  floor  to  floor 
too  frequently  with  wood  door  studding  and. base  and  wainscot  block- 
ing, for  wrhich  there  should  be  a  superior  means  devised  of  securing 
these  details  of  finish.  Much  the  larger  proportion  of  fire  proofing 
of  partition  work  in  Philadelphia  is  executed  in  hollowr  terra  cotta 
blocks  set  in  cement  on  the  floor  system,  unfortunately  trimmed  at 
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door  and  sash  openings  with  plowed  wood  grounds  to  receive  plastering 
and  wood  trim. 

From  actual  tests  and  examination  by  Philadelphia  engineers  and 
architects,  the  weight  of  the  Roebelling  floor  system  on  wire  mesh 
and  stiffening  bars  is  found  to  be  slightly  over  sixty  pounds  per  square 
foot  of  floor,  not  including  the  supporting  beams. 

The  Merritt  system,  or  expanded  metal  and  concrete,  is  estimated  on 
the  same  basis  at  67.7  pounds  per  square  foot  of  floor  area. 

Plaster-of-Paris  or  calcined  plaster  is  a  well-known  non-conductor  of 
heat,  and  for  years  much  work  has  been  done  with  mackite  blocks  for 
furring  of  walls,  ceilings,  and  construction  of  partitions  for  interior  sub- 
division of  buildings;  this  form  of  block  is  simply  plaster-of-Paris  cast 
in  a  mold  and  having  incorporated  in  its  composition  spruce  shavings  or 
fiber  to  increase  its  toughness;  and  while  it  can  by  no  means  be  called  a 
fire-proof  material,  when  placed  in  an  otherwise  combustible  structure, 
it  has  the  virtue  of  affording  a  solid  and  therefore  non-fire-conducting 
partition  at  a  very  moderate  cost  and  of  ample  stability  for  all  ordinary 
subdividing  purposes,  and  will  receive  and  retain  plaster  without  further 
preparation  of  the  surface. 

Recently  the  company  manufacturing  the  plaster  board  or  mackite 
block  have  turned  their  attention  to  the  manufacture  of  a  cast  block 
and  beam-protecting  skewback,  for  fire-proofing  purposes,-  under  the 
name  of  the  Keystone  Fire-proofing  Block,  which  is  being  introduced  to 
some  extent  in  Philadelphia;  notably,  in  the  new  power-house  of  the 
Girard  Estate  at  Third  and  Chestnut  Streets  and  in  the  new  marine  bar- 
racks at  the  League  Island  Navy-yard,  the  first-mentioned  being  com- 
plete, the  latter  in  process  of  installation.  There  are  many  attractive 
features  about  this  form  of  construction:  the  sections,  being  cast,  fit 
with  great  neatness  between  the  beams ;  the  skewbacks,  which  combine 
about  H  inches  of  beam  protection,  are  beveled,  with  a  horizontal  re- 
bate about  two  inches  mid-depth  on  the  face,  to  receive  the  central 
block  cast  with  a  similar  bevel  on  the  end  and  rebated  to  fit  accurately 
the  skewback ;  after  all  the  blocks  are  set  in  place  on  any  floor,  the 
ends  of  all  joints,  heads  and  wall  and  beam  joints,  are  carefully  filled 
with  liquid  calcined  plaster,  thus  forming  practically  one  mass.  A 
cement  arid  concrete  backing,  carrying  dovetailed  floor  strips,  16 
inches  center  to  center,  is  then  laid  and  the  whole  leveled  and 
finished  to  receive  the  wood  or  tile  flooring  as  may  be  desired. 

In  the  blocks  designed  to  carry  heavy  loads  a  strip  of  expanded  metal 
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is  usually  cast  in  the  heart  of  the  block  in  form  of  a  suspension  loop  or 
modified  catenary;  for  lighter  work  this  is  omitted. 

Like  the  mackite  block,  this  floor  system  affords  a  fine  surface  upon 
which  a  plaster  finish  can  be  most  economically  applied,  and  very  severe 
tests  would  seem  to  indicate  the  entire  sufficiency  of  the  materials  for 
fire  resistance. 

I  have  had  the  pleasure  of  making  a  very  careful  examination  of  the 
test  house,  and  the  condition  of  the  walls  and  ceilings,  which  are  con- 
structed of  Keystone  fire  proofing,  and  have  a  very  reassuring  report  of 


Fig.  4. — Keystone  Fire-proof  Construction. 

the  result  from  the  Inspector  of  the  Philadelphia  Board  of  Fire  Under- 
writers. 

The  method  of  setting  the  floor  and  partitions  in  form  of  cast  blocks 
has  many  advantages,  it  would  seem,  over  the  form  of  floor  construc- 
tion practised  by  the  Metropolitan  Company,  which  is  to  cast  the  whole 
in  place  on  centering  and  forms,  about  the  ironwork,  of  which  I  am  ad- 
vised Horticultural  Hall  is  the  best  example  existing  in  Philadelphia. 

If  time  and  experience  shall  demonstrate  the  amplitude  oT  this  form 
of  floor  and  partition  block  for  both  strength  and  fire  resistance  in  con- 
nection with  the  hose  stream  under  high  pressure,  then  the  many  ad- 
vantages of  the  calcined  plaster  floor  will  be  appreciated,  for  it  is  clean, 
sanitary,  easily  installed,  and  readily  adapted  to  any  position  and  con- 


Digitized  by  VjOOQ  IC 


Bertolett — F 'ire-proof  Construction  in  Philadelphia.  195 

dition ;  in  its  production  requires  little  machinery,  no  burning,  and  but 
limited  time  for  drying.  It  is  the  lightest  form  of  fire-resisting  con- 
struction, being  determined  by  actual  test  with  ample  concrete  backing 
at  from  30  to  40  pounds  per  square  foot  of  floors,  not  including  the  sup- 
porting beams,  and  its  cost  should  be  proportionately  advantageous. 
Tests  of  strength  of  the  blocks  taken  at  random  from  a  number  of  regular 
manufacture,  of  five  feet  span,  ten  inches  depth  of  beam,  with  one  and 
one-half  inch  fire-protection,  in  which  same  were  broken  at  loadings 
per  square  foot  of  floor  area  ranging  from  1393  pounds  to  2100  pounds, 
sufficiently  establish  the  structural  value  of  the  floor. 

The  Vulcanite  floor  for  fire  proofing  is  a  combination  of  a  plaster  cast 
shell  and  beam  protection  with  concrete  backing  that  is  being  intro- 
duced under  the  Bromley  patents  and  will  be  better  understood  from  an 
examination  of  the  illustration;  it  has  as  yet  had  but  limited  introduc- 
tion in  Philadelphia,  but  the  work  done  has  been  of  high  class,  and  would 
seem  to  be  worthy  to  be  classed  among  the  best  efforts  at  fire  proofing. 

In  use  of  the  Metropolitan  system  of  poured  plaster,  the  weight  allow- 
ance for  dead  loading  is  somewhat  higher  necessarily,  on  account  of 
length  of  time  required  to  dry  the  cast  by  the  slower  natural  process  of 
atmospheric  absorption;  this  weight,  without  beams,  but  including 
concrete  and  floor,  is  estimated  from  actual  test  to  be  47  pounds  per 
square  foot  of  floor. 

In  addition  to  the  above  typical  floor  systems,  covering  the  use  of 
terra  cotta,  concrete,  and  calcined  plaster  respectively,  the  Faucett 
system  of  hard  tile  hollow  lintels  with  cement  backing  in  15  feet  spans 
of  beams  at  30  inches  center  has  been  found  to  weigh  58  pounds  per 
square  foot  of  floor  area;  with  beams  at  same  spacing  of  20  feet  span, 
the  weight  is  70  pounds  per  square  foot. 

This  floor  system  was  introduced  in  the  Lorraine  Apartment  House 
and  the  Stephen  Girard  Building,  and  is  in  use  elsewhere  in  this  city. 

The  Rapp  floor  system,  consisting  of  a  base  of  common  bricks  sup- 
ported on  tee  irons  of  heavy  sheet  metal  extending  between  beams 
spaced  five  feet  apart,  weighs,  with  contents,  83  pounds  to  the  square 
foot,  and  is  in  use  in  the  Real  Estate  Trust  Building,  the  "  North  Ameri- 
can "  Building,  the  Albemarle  Apartment  House,  and  elsewhere. 

One  of  the  most  important  branches  of  fire  proofing  is  to  be  found  in 
the  defensive  fitting  of  exterior  doors  and  windows  of  buildings  against 
communicating  or  adjacent  structures,  and  in  this  respect  much  good 
work  has  been  done  in  the  use  of  fire-proof  windows  and  glazings  of  wire 
glass. 
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In  stores  and  warehouses,  as  well  as  in  many  factories,  outside  metal- 
covered  shutters  overlapping  walls  about  the  openings  afford  an  excel- 
lent protection,  and  their  use  has  been  much  stimulated  by  liberal  re- 
ductions made  by  insurance  companies  on  regular  rates;  but  I  need  not 
speak  of  the  impracticability  of  shutters  of  this  kind  in  offices,  tene- 
ments, apartment  houses,  etc.,  in  which  they  would  not  be  tolerated  by 
tenants,  and  even  if  attached  would  never  be  closed ;  this  leaves  a  weak 
spot  in  all  our  larger  office  buildings  and  tenement  houses/  It  has  to  a 
degree  been  somewhat  mitigated  in  many  pronouncedly  exposed  loca- 
tions by  the  introduction  of  wire  glazed  metal  frame  windows,  but  ob- 
jection is  made  to  the  fact  that  this  form  of  glass  obstructs  vision, 
though  in  a  corrugated  form  it  does  not  decrease  the  lighting  of  these 
buildings. 

The  importance  of  this  feature  of  fire-proof  construction  cannot  be 
made  too  emphatic,  and  while  wire  glass  is  now  made  perfectly  clear,  it  is 
an  excellent  fire  retardent,  and  with  development  in  more  perfectly 
protecting  the  frames  with  brick  or  terra  cotta  and  exposing  only  the 
positively  essential  glass  area,  with  two  thicknesses  instead  of  but  one 
of  glass,  greater  efficiency  will  have  been  attained. 

I  am  not  aware  of  any  important  introduction  of  so-called  fire-proof 
wood ;  much  hope  is  reposed  in  the  final  success  and  efficiency  of  the 
processes,  which  will  lead  not  to  a  resort  to  wood  construction,  but  to  a 
retaining  of  wood  trim  and  floors,  which  must  always  remain  a  popular 
finish;  the  adaptability,  non-conductivity,  softness,  elasticity,  and  gen- 
eral pleasing  effect  make  it  an  ideal  building  material,  and  with  its  in- 
flammability removed  it  will  be  again  restored  to  an  ideal  position. 

Philadelphia  has  been  phenomenally  fortunate  in  the  matter  of  ab- 
sence of  fire  in  or  adjoining  her  fire-proofed  structures;  there  are  no 
lack  of  conditions  in  every  respect  similar  to  the  well-known  conditions 
surrounding  the  Home  Life  Insurance  Building  in  New  York. 

There  are  office  buildings  exposed  to  most  inflammable  structures, 
wThich  with  a  fair  start  and  favorable  atmospheric  conditions  would 
penetrate  and  destroy  the  contents,  if  not  ruin,  the  more  invulnerable 
structure;  there  are  hotels  that  would  be  little  more  than  a  flue  for  the 
consumption  of  the  weaker  neighbor,  and  other  in  many  respects  excel- 
lent and  modern  structures  so  situated  with  regard  to  common  con- 
struction that  the  latter  woidd  be  but  the  signal  for  the  positive  anni- 
hilation of  the  interior  of  the  former;  and  yet,  barring  a  few  incipient 
fires  in  the  kitchen  of  one  of  our  prominent  apartment  houses,  which, 
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thanks  to  fire-proof  conditions,  made  no  headway,  escape  has  thus 
far  been  the  good  fortune. 

The  most  severe  fire  in  a  modern  office  building  in  Philadelphia,  ac- 
cording to  record,  did  occur  on  July  18,  1885,  in  the  New  York  Mutual 
Life  Building,  resulting  in  a  loss  of  $2000  in  damage  to  the  building  and 
$15,000  to  the  contents.  It  was  caused  by  an  electric  light  wire  to 
apartments  occupied  by  telegraph  operating  room  in  the  fifth  floor; 
some  beams  were  warped,  and  were  removed  with  the  floor  and  plaster- 
ing; but  the  apartments  adjoining  and  below  were  practically  undam- 
aged. 

The  Bourse  and  Fidelity  Building  have  both  had  fires  which  destroyed 
the  contents  and  trim  of  apartments  without  extending  beyond. 

These  cases  serve  to  give  great  encouragement;  as  architects  and 
engineers,  we  need  to  grasp  the  situation  seriously,  taking  inspiration 
from  past  achievements,  but,  guarding  every  tempting  retrogression, 
take  every  advantage  possible  to  improve  future  conditions;  preven- 
tion at  all  times  is  infinitely  better  than  cure,  and  while  I  have  done 
little  more  than  touch  the  verge  of  a  vast  and  important  subject  in 
which  every  person  has  a  vital  interest,  if  I  have  succeeded  in  directing 
attention  and  interest  toward  the  possible  saving  of  a  life  or  loss  of 
property  from  the  dire  consequences  of  a  conflagration,  I  trust  for  your 
patience  and  indulgence  you  will  feel  abundantly  rewarded. 


DISCUSSION. 

Wm.  Copeland  Furber. — The  experiments  of  James  E.  Howard  ("  Iron  Age," 
April  10,  1890,  Kent's  "Engineer's  Pocket-book/ '  p.  382)  indicate  that  steel 
has  its  maximum  strength  at  about  400°  F.  When  the  temperature  is  raised 
above  this  point,  the  strength  decreases  at  a  rate  approximating  10,000  pounds 
per  100  degrees  of  heat.  This  fact  teaches  us  that  in  order  to  preserve  the 
integrity  of  the  structure,  the  temperature  of  the  metal  work  must  not  be  allowed 
to  greatly  exceed  400°  F. 

The  method  commonly  employed  to  protect  metal  work  is  to  cover  it  with  a 
non-conducting  covering,  or,  rather,  with  a  covering  which  is  a  poor  heat  con- 
ductor, for  all  substances  conduct  heat  to  a  greater  or  lesser  degree.  The  sub- 
stance used  as  a  covering  should  not  only  be  a  poor  conductor  of  heat,  but  be 
capable  of  resisting  disintegration  when  it  is  subjected  to  rapid  changes  of  tem- 
perature, which  may  be  caused  by  the  application  of  water  when  it  is  in  a  highly 
heated  condition. 

A  material  which  fulfils  this  condition  to  a  remarkable  degree  is  known  as 
semi-porous  terra  cotta.  This  material  is  composed  of  fire-clay,  made  porous 
by  the  admixture  of  sawdust  with  the  clay,  while  it  is  in  a  plastic  state.  Upon 
firing  in  the  kilns  the  sawdust  is  consumed,  leaving  the  burnt  clay  in  a  porous 
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condition.  This  semi-porous  terra  cotta  can  be  heated  to  redness,  and  can  then 
be  plunged  into  water  without  any  apparent  disintegration. 

Fire-clay  is  probably  the  most  durable  substance  which  can  be  applied  to  the 
protection  of  iron-work  for  protection  against  heat.  The  knowledge  of  its 
virtues,  however,  has  led  designers  and  manufacturers  to  decrease  the  thickness 
of  the  covering  in  many  places  to  a  point  where  it  no  longer  answers  the  purpose 
in  a  satisfactory  manner.  In  buildings  a  covering  of  1  inch  is  all  that  protects  the 
lower  flanges  of  the  floor  beams,  and  this  is  not  at  all  sufficient.  The  part  of  the 
tile  which  covers  the  flanges  is  without  air  cells,  because  there  is  not  sufficient 
thickness  to  get  them  in. 

Since  the  substitution  of  iron-work  for  brickwork  in  the  structural  parts  of 
buildings,  the  tendency  has  been  to  restrict  the  space  occupied  by  the  iron-work 
to  a  minimum,  and  this  has  resulted  in  begrudging  the  every  additional  inch 
required  for  the  fire-proof  covering,  and  as  a  consequence  the  fire  proofing  is  no 
longer  of  sufficient  thickness  to  fully  insure  that  the  iron-work  will  be  properly 
protected  in  event  of  great  heat.  There  is  but  one  remedy  for  this,  and  that  is 
to  increase  the  thickness  of  the  covering  at  the  vulnerable  points.  The  same 
criticism  may  be  made  of  Portland  cement  coverings;  a  covering  cannot  be 
effective  unless  it  has  thickness  and  air  spaces,  and  it  is  misleading  to  talk  of 
fire-proof  buildings  when  the  fire  proofing  is  but  1  inch  thick  at  a  vital  point. 
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EXPANDED  METAL  IN  FIRE-PROOF  CONSTRUCTION. 

JAMES   S.   MERRITT. 
Read  May  18,  1901. 

Expanded  metal  has  come  into  such  general  use,  and  is  so  widely 
known  to-day,  that  it  is  scarcely  necessary  to  describe  its  appearance  or 
general  characteristics,  but  it  may  be  interesting  to  trace  its  origin  and 
to  describe  briefly  the  manner  in  which  it  is  made,  before  taking  up  the 
subject  of  its  use  in  fire-proof  construction. 

About  fifteen  years  ago  Mr.  John  F.  Golding  was  the  editor  of  a  trade 
journal  in  the  city  of  Chicago.  The  price  of  wire  was  very  high  at  that 
time,  and  it  occurred  to  Mr.  Golding  that  a  material  could  be  made  for 
fences  by  slitting  and  subsequently  opening  out  a  sheet  of  steel  to 
form  meshwork.  Sheets  of  the  right  kind  were  expensive  and  difficult 
to  obtain  at  that  time,  and  Mr.  Golding  encountered  the  trials  and 
troubles  which  seem  invariably  to  beset  the  path  of  the  inventor.  Per- 
sistent effort  and  the  expenditure  of  many  thousand  dollars  finally  re- 
sulted in  success,  although  the  process  adopted  was  not  that  which  he  at 
first  contemplated,  inasmuch  as  the  shearing  and  opening  up  of  the 
meshes  was  accomplished  in  a  single  operation.  In  his  application  for  a 
United  States  patent  Mr.  Golding  called  the  material  "  slashed  metallic 
screening, "  showing  the  use  which  he  had  in  mind,  but,  as  often  hap- 
pens, expanded  metal  is  adapted  to  uses  of  which  the  inventor  never 
dreamt,  and  it  is  probable  that  the  fire  proofing  of  buildings  takes  fully 
ninety-nine  per  cent,  of  the  present  output,  although  millions  of  squaie 
feet  of  it  are  used  annually  for  fencing,  window  screens,  elevator  enclo- 
sures, clothes  lockers,  etc.  The  development  of  the  business  has  b  yen 
very  rapid,  and  there  are,  at  the  present  time,  four  companies  in  the 
United  States  and  five  or  six  in  Europe  engaged  in  the  manufacture  of 
expanded  metal.  There  are  also  a  number  of  local  companies  doing 
fire-proof  construction,  and  there  is  probably  upward  of  $10,000,000 
invested  in  the  various  expanded  metal  industries.  This  figure  is  small 
when  compared  to  concerns  like  the  United  States  Steel  Corporation 
and  some  others,  but  is  of  respectable  size  when  it  is  considered  that  the 
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business  has  grown  from  nothing,  and  that  a  market  has  been  created 
for  the  material  in  the  course  of  about  ten  years. 

Expanded  metal  is  cut  from  a  sheet  of  open-hearth  steel,  expanded  or 
opened  into  a  netting  of  any  desired  size  of  mesh  or  section  of  strand. 
The  operations  of  shearing  the  steel  and  opening  the  meshes  are 
simultaneous,  and  are  performed  cold.  No  material  is  wasted,  as  there 
are  no  pieces  cut  out.  The  finished  sheets  are  from  three  to  eight  times 
as  large  as  the  original  sheets  of  steel,  the  increase  depending  upon  the 
size  of  the  meshes  and  the  width  of  the  strands. 

The  grades  of  expanded  metal  which  are  in  commercial  use  to-day 
vary  from  f-inch  mesh,  cut  from  No.  27  B.  W.  G.  steel,  to  a  diamond 


Fig.  1. — Four-inch  Mesh  Expanded  Metal. 

mesh  5  X  12  inches,  cut  from  No.  4  gage  steel.  The  sheets  are  usually 
8  feet  in  length,  and  the  machines  which  do  the  cutting  have  to  be 
slightly  more  than  this  in  the  clear  between  the  housings.  They  are 
?ry  heavily  and  substantially  built,  as  it  is  necessary  that  they  should 
.  an  with  smoothness  and  accuracy,  for  the  shear  blades  have  to  be  ad- 
justed with  great  care  to  make  a  clean  cut. 

The  original  method  of  cutting  expanded  metal  did  not  involve  any 
stretching  of  fibers  of  the  steel.  The  sheet  passed  through  the  machine 
in  a  diagonal  direction.  The  first  stroke  of  the  shear  blades  cut  one 
mesh  and  pushed  it  down  at  right  angles  to  the  plane  of  the  sheet  of 
steel.  The  second  stroke  of  the  blades  produced,  in  a  similar  manner, 
the  next  three  meshes,  while  the  third  stroke  produced  five  meshes. 
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The  distance  between  the  housings  of  the  machine  limited  not  only  the 
length  of  the  sheet,  but  also  the  breadth,  and  most  of  the  old  machines 
were  unable  to  produce  a  sheet  more  than  8  feet  in  length  by  4  feet  in 
breadth.  The  sheets  of  expanded  metal  were  never  quite  square,  and 
the  thickness  of  the  steel  which  could  be  wrorked  in  this  way  was  limited. 
Before  placing  the  sheets  of  steel  in  the  machine  it  was  necessary  to  cut 
them  to  the  exact  size  to  give  the  desired  sheets  of  expanded  metal. 

In  1894  Mr.  Golding  invented  and  patented  another  method  of  cutting 
expanded  metal,  and  this  has  proved  far  superior  to  his  former  inven- 
tion, and  of  wider  range.  The  sheets  of  steel  now  enter  the  machine  in 
the  direction  of  its  shorter  axis  instead  of  diagonally,  as  in  the  old 
method.  The  shear  blades,  instead  of  being  each  set  diagonally  and  in 
a  different  plane,  now  consist  of  a  stationary  straight  lower  blade  and  a 
series  of  diamond-shaped  blades,  in  one  vertical  plane,  carried  by  the 
movable  upper  head  of  the  machine.  The  distance  between  the  points 
of  adjacent  blades  determines  the  length  of  the  greater  axis  of  the 
meshes,  while  the  shape  of  the  blades  and  the  stroke  of  the  machine  de- 
termine the  width  of  the  meshes.  In  changing  the  machine  from  one 
mesh  to  another,  it  is  not  necessary  to  change  the  lower  blade,  but 
merely  to  change  the  upper  blades. 

We  will  suppose  that  it  is  desired  to  cut  3-inch  X  6-inch  mesh  from 
a  sheet  of  No.  10  steel.  Expanded  metal  above  No.  14  gage  is  usually 
cut  with  an  approximately  square  strand,  or,  in  other  words,  the  width 
of  the  strand  is  about  equal  to  the  gage  of  the  steel.  The  sheet  of  steel 
is  placed  in  the  machine  with  its  edge  projecting  at  the  back  £  inch  be- 
yond the  lower  shear  blade.  The  machine  is  started,  and  the  movable 
head  which  carries  the  set  of  diamond-shaped  shear  blades  comes  down 
upon  the  sheet.  The  points  of  the  row  of  upper  blades,  some  sixteen  in 
number,  strike  the  top  of  the  sheet  of  steel,  and  begin  to  shear  it  away 
from  the  rest  of  the  plate,  and  at  the  same  time  to  push  downward  in  a 
vertical  direction  the  strand  so  formed.  The  steel  must  be  of  the  proper 
quality,  as  the  elongation  amounts  to  over  10  per  cent.,  the  correspond- 
ing reduction  being  greater  in  the  thickness  than  in  the  width  of  the 
strand  in  about  the  ratio  of  1.16  to  1.00.  The  upper  knives  are  stopped 
in  their  downward  movement  just  before  they  have  traveled  far  enough 
to  completely  sever  the  strand  from  the  original  sheet.  The  strand  is 
left  connected  with  the  sheet  by  a  strip  of  solid  steel,  which  is  technic- 
ally known  as  "  the  bridge."  The  head  is  then  raised  and  the  plate  is 
shifted  laterally  a  distance  equal  to  one-half  the  long  axis  of  the  mesh 
which  is  being  cut.     It  is  then  fed  the  width  of  one  strand  beyond  the 
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edge  of  the  lower  plate,  and  the  machine  is  ready  for  a  second  stroke. 
When  the  head  descends,  the  points  of  the  upper  blades  strike  upon  the 
bridge,  and  begin  the  shearing  process  at  that  point. 

After  a  sufficient  number  of  strokes  to  form  a  sheet  of  expanded 
metal  of  the  desired  width,  the  feed  of  the  sheet  of  steel  in  a  horizontal 
direction  is  intermitted  during  one  stroke  of  the  head.  The  upper 
blades  cut  through  the  " bridge"  on  the  same  line  as  the  shearing  done 
during  the  preceding  stroke,  and  as  a  result  the  expanded  metal  is  en- 
tirely separated  from  the  solid  sheet  of  stock. 

When  expanded  metal  is  made  by  this  improved  process,  the  sheets 
are  exactly  square,  and  the  width  of  the  sheet  is  only  limited  by  the 
width  of  the  original  sheet  of  steel,  or  by  the  possibility  of  removing  the 
sheets  of  expanded  metal,  which  issue  vertically  downward  from  the 
back  of  the  machine.  It  has  been  customary  to  build  a  pit  behind  the 
machine,  to  get  the  necessary  room,  and  it  is  not  possible,  at  the  present 
time,  to  turn  out  sheets  of  more  than  about  8  feet  in  width  by  9  feet  in 
length,  the  latter  dimension  being  limited  by  the  distance  between  the 
housings  of  the  machine.  It  is  evident  that  a  machine  could  be  ar- 
ranged, should  occasion  demand,  to  cut  a  48-inch  wide  sheet  of  No.  10 
steel  into  a  single  sheet  of  3-inch  mesh  expanded  metal  about  32  feet  in 
width. 

Before  cutting,  the  sheets  are  annealed  and  then  pickled  to  free  them 
from  scale.  After  cutting,  the  expanded  metal  is  annealed  a  second 
time  to  remove  internal  strains  or  crystallization  which  may  have  oc- 
curred. The  product  is  also  put  through  a  number  of  minor  processes 
which  do  not  possess  any  special  interest,  but  are  necessary  for  the 
proper  operation  of  the  machines  and  to  obtain  a  uniform  product. 

Few  persons  are  aware  of  the  extent  to  which  expanded  metal  is  used 
to-day.  As  an  illustration  of  this,  suffice  it  to  say  that  more  than  9,- 
000,000  square  feet,  or  200  acres,  of  expanded  metal  were  used  in  the 
construction  of  the  buildings  of  the  Paris  Exposition  of  1900.  This 
area  is  greater  than  that  bounded  by  Market  and  Sansom  Streets,  the 
Delaware  and  Schuylkill  Rivers. 

It  should  be  borne  in  mind  that  there  is  really  no  material  known 
which  is  absolutely  "fire  proof."  In  the  opinion  of  the  writer,  " fire- 
resisting"  is  a  better  term,  and  the  reasonableness  of  it  is  evident  when 
we  consider  that  the  protection  of  an  office  building  or  an  apartment 
house,  in  which  most  of  the  rooms  contain  but  little  combustible  mate- 
rial, presents  a  very  different  problem  from  the  case  of  a  warehouse  or 
manufactory,  in  which  the  floor-space  is  not  divided  at  all,  and  in  which 
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large  quantities  of  inflammable  material  may  be  stored  occasionally  or 
continually.  It  is  necessary  in  each  case  to  "  resist"  the  fire  until  it  has 
burnt  itself  out  or  has  been  extinguished. 

There  are  two  general  classes  of  expanded  metal,  and  each  of  these 
has  its  own  special  use :  Small  mesh,  cut  from  light  steel,  is  used  as  a 
basis  for  plastering.  Large  mesh,  cut  from  heavy  steel,  is  used  in  con- 
nection with  concrete  for  floors,  roofs,  etc.,  where  a  load  has  to  be  car- 
ried. 

In  the  early  days  of  expanded  metal  a  lathing  was  made  and  was 
offered  to  the  architects  as  a  substitute  for  wood  lath.  Numerous  tests, 
some  of  them  arranged,  and  others  of  an  involuntary  character,  soon 
demonstrated  the  fact  that  wood  studding  or  wood  joists  covered  with 
the  expanded  metal,  and  the  latter  thoroughly  plastered,  would  resist  a 
hot  fire  for  twenty  or  thirty  minutes,  and  thus  afford  an  opportunity  to 
extinguish  the  fire.  It  took  hard  work  to  persuade  architects  and  their 
clients  that  it  was  worth  while  to  spend  a  little  money  over  and  above 
the  cost  of  the  ordinary  wood  construction,  and  no  one  who  has  not 
been  brought  in  contact  with  this  particular  subject  can  have  any  idea 
of  the  great  change  in  public  opinion  which  has  come  about  in  the  Jast 
fifteen  years. 

Until  the  year  1892  partitions  were  constructed  by  securing  sheets  of 
expanded  metal  to  each  side  of  wood  or  steel  studs,  and  then  plastering 
the  former.  About  the  year  named  it  occurred  to  Mr.  Golding  that  a 
better  partition  could  be  made  by  the  use  of  a  single  surface  of  lath, 
carried  upon  light  steel  members,  which  could  be  entirely  embedded  in 
the  plaster,  thus  doing  away  with  an  air-space,  which  was  rather  a  dis- 
advantage than  an  advantage.  The  result  is  the  present  so-called 
"solid  partition,"  1£  or  2  inches  thick,  which  has  proved  itself  equal  in 
every  respect  to  the  old-style  partition,  while  at  the  same  time  cheaper, 
and  possessing  many  advantages  which  the  other  did  not. 

Steel  studs — usually  f-inch  X  1-inch  channel  section — are  set  at  dis- 
tances of  16  inches,  and  expanded  metal  lath  is  then  laced  by  wire  to 
one  side  of  the  studs.  The  lath  is  plastered  on  the  front,  and  a  second 
coat  of  mortar  is  applied  as  soon  as  the  first  has  "  set,"  the  second  coat 
being  upon  the  "keys,"  which  are  formed  by  the  passage  of  the  first 
coat  of  plaster  through  the  meshes  of  the  lath.  Sufficient  further  coats 
of  plaster  are  added,  and  any  desired  finish  can  easily  be  obtained.  The 
partitions  offer  great  resistance  to  the  passage  of  sound,  and  numerous 
attempts  have  been  made  to  explain  this  property,  the  most  reasonable 
explanation,  in  the  opinion  of  the  writer,  being  that  vibrations  entering 
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one  side  are  intercepted  by  the  network  of  steel,  and  are  carried  off  lat- 
erally to  the  other  parts  of  the  structure,  instead  of  passing  directly 
through  the  partition.  In  all  cases  of  fire  these  partitions  have  ac- 
quitted themselves  remarkably  well,  and  it  is  quite  likely  that  some  of 
those  present  recollect  the  fire  at  the  Merion  Cricket  Club  a  few  years 
ago,  where  these  partitions  were  practically  uninjured,  although  the 
upper  part  of  the  building  was  entirely  destroyed. 

The  fire  proofing  of  columns,  girders,  etc.,  is  done  in  much  the  same 
way  as  the  partitions.  Expanded  metal  lath  is  secured  to  light  steel 
members,  formed  in  appropriate  shapes,  and  secured  to  the  structural 
steel.  The  lath  is  thoroughly  plastered,  and  in  positions  which  are 
more  than  ordinarily  exposed  a  second  layer  of  expanded  metal  and 
plaster  is  sometimes  placed  outside  the  first,  with  a  small  air-space  be- 
tween. The  plaster  is  so  thoroughly  "  keyed  "  or  clinched  on  the  back 
of  the  lath  that  it  is  a  very  difficult  matter  to  get  it  off. 

Expanded  metal  lath  on  wood  studding,  as  well  as  the  "  solid  parti- 
tion/' has  long  been  used  for  the  exterior  construction  of  buildings. 
Not  only  dwelling-houses,  but  large  manufacturing  buildings,  have  been 
constructed  in  this  way,  and  the  practice  is  increasing  rapidly,  as  the 
cost  is  less  than  that  of  brick  walls,  and  the  load  on  foundations  much 
less. 

The  next  step  in  the  development  of  expanded  metal  construction 
resulted  from  an  experiment  by  Mr.  (iolding,  about  the  year  1892.  of 
embedding  heavy  expanded  metal  in  a  concrete  plate  for  floor  construc- 
tion. The  principle  involved  is  that  which  was  first  exploited  by  Jean 
Monier,  in  France,  at  the  time  of  the  Paris  Exposition  of  1878,  and  he  is 
generally  given  credit  for  the  invention,  although  the  advantages  of 
combining  iron  with  concrete  were  well  known  before  his  time. 

In  the  expanded  metal  system  of  floor  construction  a  temporary 
"centering"  of  plank  is  first  put  in  place.  The  sheets  of  expanded 
metal  are  laid  on  the  centering  with  their  sides  overlapping  one  mesh. 
The  concrete — usually  consisting  of  Portland  cement,  sand,  and  clean 
boiler  cinders,  in  the  proportion  of  1,  2,  6, — is  thrown  on  the  expanded 
metal,  and  leveled  to  the  proper  thickness.  Thorough  mixing  of  the 
concrete,  by  machinery  if  possible,  and  thorough  ramming  of  the  con- 
crete in  place  are  always  insisted  upon,  and  much  of  the  success  of 
expanded  metal  construction  is  due  to  these  precautions. 

In  using  expanded  metal  in  connection  with  concrete,  it  is  necessary 
to  supply  sufficient  steel  at  all  points  where  it  is  possible  for  the  struc- 
ture to  come  in  tension.     In  a  floor  the  most  economical  position  for 
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the  steel  is,  of  course,  as  near  as  possible  to  the  lower  surface  of  the  con- 
crete, where  its  "  moment  of  resistance  "  is  greatest. 

The  peculiar  construction  of  expanded  metal  secures  this  automatic- 
ally, for  a  sheet  of  it,  when  laid  upon  the  centering,  touches  the  latter  at 
only  one  point  in  each  mesh.  The  concrete  passes  around  and  beneath 
the  strands  of  steel,  thoroughly  surrounding  the  latter,  so  that  it  is 
scarcely  visible  when  the  centering  is  removed. 

It  is,  of  course,  equally  necessary  to  provide  sufficient  concrete  above 
the  "neutral  axis"  to  resist  the  compressive  stresses,  and  it  is  possible 
to  design,  with  great  accuracy,  a  combination  to  suit  any  specified  load 
and  span.  Numerous  tests  have  been  made,  and  many  of  these  appear, 
at  first  sight,  quite  marvelous,  but  can  be  explained  upon  the  ground 
that  the  expanded  metal  and  concrete  structure  tested  should  not  be 
considered  as  a  beam,  supported  at  each  end,  but  as  a  rectangular  plate, 
supported  or  fixed  on  all  four  sides,  which  is  a  very  different  problem. 

This  brings  out  another  point,  in  which  expanded  metal  has  the  ad- 
vantage over  rods  in  any  form.  The  latter  act  in  one  direction  only, 
and  have  no  effect  in  tying  the  concrete  together  laterally,  while  the 
expanded  metal  does  this  to  a  marked  degree. 

The  most  elaborate  series  of  tests  ever  made  upon  the  fire-resisting 
properties  of  concretes,  brick,  tile,  etc.,  is  probably  that  by  the  Commis- 
sion of  Hamburg,  Germany,  an  abstract  of  which  will  be  found  in  John- 
son's "  Materials  of  Construction."  These  tests  showed  the  superiority 
of  cinder  concrete,  and  a  number  of  tests  and  actual  fires  in  this  country 
during  the  last  few  years  have  demonstrated  the  same  thing. 

The  durability  of  any  form  of  construction  is  always  a  serious  ques- 
tion with  the  architect  or  engineer.  No  one  questions  the  concrete,  but 
what  can  be  said  for  steel  embedded  in  concrete?  A  few  years  ago 
there  was  a  general  discussion  of  this  point  in  the  columns  of  the  en- 
gineering journals,  and  it  was  finally  settled  to  the  satisfaction  of  almost 
every  one  that  concrete  is  the  best  preservative  of  steel  known,  and 
there  has  since  been  a  general  movement  toward  the  protection  of 
steel  from  rust  by  the  use  of  concrete,  even  when  there  is  no  necessity 
for  protection  against  fire.  A  consideration  of  this  subject  would  be 
likely  to  lead  to  a  discussion  of  the  use  of  expanded  metal  in  tanks, 
bridges,  foundations,  conduits,  etc.,  which  is  rapidly  increasing,  but 
which  does  not  properly  come  within  the  limits  of  the  subject  assigned 
for  this  evening. 
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Business  Meeting,  April  6,  1901. — The  President  in  the  Chair.  Sixty-five 
members  and  eight  visitors  present. 

The  death  of  S.  R.  Stubbs,  active  member,  was  announced. 

Mr.  Henry  G.  Morris  presented  a  paper  upon  "The  Parker  Steam  Generator," 
which  was  illustrated  with  lantern  reproductions.  He  was  followed  by  Mr.  J. 
Parker,  the  inventor,  who  read  a  paper  "  On  the  Science  of  Steam-making." 

Dr.  A.  E.  Kennelly  gave  an  informal  lecture  upon  "Submarine  Electric  Cables/' 
profusely  illustrated. 

The  Tellers  reported  the  election  of  Messrs.  Thos.  Welcome  Clark,  Chas.  Dunn, 
Geo.  W.  Hancock,  Leonard  C.  Holston,  H.  W.  Huntzinger,  Harry  W.  Jayne,  and 
Thos.  McE.  Vickers  to  active  membership,  and  Mr.  Henry  F.  Dirks  to  junior 
membership. 

Regular  Meeting,  April  20,  1901. — The  President  in  the  Chair.  Forty-three 
members  and  eleven  visitors  present. 

The  death  of  Wm.  M.  Levering,  active  member,  was  announced. 

A  communication  was  presented  from  the  Engineers'  Society  of  Western  New 
York,  inviting  members  of  the  Club  to  make  use  of  its  rooms  and  facilities  in  the 
city  of  Buffalo  during  the  Pan-American  Exposition. 

Mr.  I.  Wendell  Hubbard  presented  some  "Notes  on  the  Construction  of  a 
Factory  Chimney,"  followed  by  Mr.  Francis  Schumann  with  a  paper  upon  the 
"Design  and  Construction  of  Factory  Chimneys."  A  general  discussion  upon 
the  subject  of  chimneys  and  the  production  of  draught  was  participated  in  by 
Messrs.  D.  D.  Elder,  R.  W.  Polk,  Frank  Sweeney,  John  C.  Trautwine,  Jr.,  James 
Christie,  and  Henry  I.  Sneli. 

Regular  Meeting,  May  4,  1901. — The  President  in  the  Chair.  Sixty-five 
members  and  seven  visitors  present. 

The  President  called  attention  to  the  new  method  of  illuminating  the  meeting- 
room,  first  used  on  this  date. 

Announcement  was  made  of  the  election  to  honorary  membership  of  Messrs. 
William  Price  Craighill,  Charles  Town,  W.  Va.;  John  Fritz,  Bethlehem,  Pa.; 
Chas.  Haynes  Haswell,  New  York;  Benjamin  F.  Isherwood,  New  York;  George 
W.  Melville,  Washington,  D.  C. ;  and  Wm.  Hasell  Wilson,  Philadelphia. 

Mr.  Harrison  Soudcr  presented  some  notes  on  the  "  Design  and  Maintenance  of 
Highway  Bridges,  and  Pile  Driving."  His  remarks  were  illustrated  by  drawings 
and  photographic  views  of  the  work  projected  by  the  electric  lantern.  The  sub- 
ject was  discussed  by  Messrs.  Edwin  F.  Smith,  Edgar  Marburg,  Carl  Hering,  Ben- 
jamin Franklin,  Richard  G.  Develin,  Charles  Hewitt,  Thomas  G.  Janvier,  and 
others. 
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Mr.  John  Birkinbine  sent  a  written  discussion  in  which  he  called  attention  to 
the  unwise  policy  of  city  councils  of  Philadelphia  in  appropriating  for  the  present 
year  less  than  one-tenth  per  cent,  of  the  value  of  the  300  bridges  in  the  city,  for 
the  purpose  of  their  maintenance. 

Regular  Meeting,  May  18,  1901. — The  President  in  the  Chair.  Fifty-two 
members  and  ten  visitors  present. 

Mr.  Edwin  F.  Bertolett  read  a  paper  upon  "  Fire-proof  Construction  in  Phila- 
delphia," and  illustrated  his  remarks  with  a  large  series  of  views. 

Mr.  James  S.  Merritt  presented  a  paper  upon  "  The  Use  of  Expanded  Metal  in 
Fire-proof  Construction/'  profusely  illustrated. 

Business  Meeting,  June  1,  1901. — The  President  in  the  Chair.  Seventy-four 
members  and  ten  visitors  present. 

Mr.  C.  M.  Mills  invited  the  members  to  inspect  the  new  Grays  Ferry  Bridge  on 
Saturday,  June  8th. 

The  Tellers  reported  the  election  of  Mr.  Robert  Schmitz  to  active  membership 
and  Mr.  Chas.  H.  Machen  to  junior  membership. 

A  topical  discussion  was  participated  in  by  Messrs.  Edgar  Marburg,  James 
Christie,  L.  Y.  Schermerhorn,  and  John  C.  Trautwine,  Jr.,  on  "The  Duty  of  the 
Engineer,"  followed  by  remarks  from  Messrs.  Christie,  Birkinbine,  Falkenau, 
Holcombe,  and  Livingston. 
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Regular  Meeting,  April  20,  1901. — Present:  The  President,  Vice-President 
Schermerhorn,   Directors  Christie,   Hewitt,   Comfort,  Levis,   Riegner,  and   the 
Secretary  (Vice-President  Smith  was  also  present  before  adjournment). 
The  Treasurer's  report  showed : 

Balance,  February  28th, $2532.62 

March  receipts, 246.10 

$2778.72 

March  disbursements, 162.60 

Balance,  March  31,  1901, $2616.12 

Upon  motion  the  House  Committee  was  authorized  to  have  twenty  electric 
lamps  installed  in  the  meeting-room. 

Special  Meeting,  May  4,  1901. — Present:  The  President,  Vice-Presidents 
Schermerhorn  and  Smith,  Directors  Hewitt,  Comfort,  and  Riegner,  and  the 
Secretary. 

The  Secretary  read  the  ballots  which  were  cast  by  every  member  of  the  Board 
of  Directors  in  favor  of  the  election  of  the  nominees  for  honorary  membership, 
and  in  accordance  therewith  the  President  declared  Messrs.  Wm.  Price  Craighill, 
John  Fritz,  Chas.  Haynes  Haswell,  Benj.  F.  Isherwood,  Geo.  W.  Melville,  and 
Wm.  Hasell  Wilson  elected  to  honorary  membership  in  the  Club. 

Regular  Meeting,  May  18,  1901. — Present:  The  President,  Vice-President 
Smith,  Directors  Christie,  Comfort,  and  Riegner,  and  the  Secretary. 

The  Treasurer's  report  showed : 

Balance,    March   31st,    $2616.12 

April  receipts, 707.05 

$3323.17 

April  disbursements, 698.04 

Balance,  April  30,  1901, $2625.13 

Upon  motion  the  Board  ordered  that  on  June  1st  there  should  be  a  business 
meeting  of  the  Club  for  election  of  members,  and  that  members  elected  at  that 
time  should  be  charged  only  one-half  year's  dues  to  December  31,  1901. 

The  House  Committee  presented  an  appraisement  of  the  furniture  and  equip- 
ment of  the  Club  in  its  house  on  May  1,  1901. 

The  Secretary  was  requested  to  have  a  new  Directory  published  in  the  same 
stvle  as  heretofore. 
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Special  Meeting,  June  7,  1901. — Present:  The  President,  Vice-Presidents 
Schermerhorn  and  Smith,  Directors  Comfort  and  Riegner,  and  the  Secretary. 

The  Treasurer's  report  showed: 

Balance,  April  30th, $2625.13 

May  receipts, 170.10 

$2795.23 
May  disbursements, 601.00 

Balance,  May  31, 1901, $2194.23 

The  Library  and  Publication  Committees  recommended  that  the  prices  of 
Proceedings,  for  single  numbers,  be  made  for  libraries  and  newsdealers  35  cents, 
and  for  all  others  (except  members),  single  numbers  60  cents;  all  other  prices 
remain  as  heretofore. 
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From  Chief  of  Engineers,  War  Department,  Washington,  D.  C. 
Report  1900,  Parts  7  and  8. 

From  United  States  Geological  Survey. 
Water  Supply  and  Irrigation,  Papers  No.  43. 

From  United  States  Coast   and  Geodetic  Survey. 
Annual  Report  of  Superintendent,  1899. 

From  L'Association  Technique  Maritime,  Paris,  France. 
List  of  Members,  1901. 

From    Fairmount    Park    Art    Association. 
Twenty-ninth  Annual  Report,  Board  of  Trustees,  and  List  of  Members. 

From  University  of  California,  Berkeley,  Cal. 
Geology  of  Central  Portion  of  Isthmus  of  Panama. 

From  the  Engineers'  Club  of  New  York. 
1901  List  of  Members. 

From    Brooklyn    Engineers'    Club. 
Proceedings  for  1900,  Vol.  IV. 

From  Wm.  Ford  Stanley,  London,  England. 
Surveying  and  Levelling  Instruments,  1901. 
Mathematical  Drawing  and  Measuring  Instruments,  1900. 

From  Societe  des  Ingenieurs  Civils  de  France. 
Annuaire  de  1901. 

From  Regio  Museo  Industriale  Italiano,  Torino,  Italy 
Annuario  per  L'Anno  Scoiastico,   1900-01. 

From  Metropolitan  Water  Board,  Boston,  Mass. 
Sixth  Annual  Report. 

From  Theodore  Cooper,  Esq.,  New  York. 
General  Specifications  for  Steel  Railroad  Bridges  and  Viaducts,  1901. 

From  University  of  Illinois. 
Technograph,  No.   15,  1900-01. 

From  W.  S.  Blatchley,  Indianapolis,  Ind. 
Indiana  Department  of  Geology,  Report,  1900. 

From  J.  C.  Branner,  Stanford  University,  Cal. 
Annual  Report,  Arkansas  Geological  Survey,  1892,  with  Atlas. 
From  City  Parks  Association  of  Philadelphia. 
Thirteenth  Annual  Report,   1901. 
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THE  DUTY  OF  THE  ENGINEER. 

A  Topical  Discussion,  June  1,  1901. 

THE  DUTY  OF  THE  ENGINEER  TO  HIMSELF  AND  HIS  PROFESSION. 

EDGAR  MARBURG. 

The  discussion  this  evening  is  intended,  I  understand,  to  develop 
a  somewhat  informal  expression  of  opinion  on  the  duties  of  the  engineer 
in  his  several  professional  relations.  I  have  been  asked  to  say  a  few 
words  on  his  duty  to  himself  and  to  his  profession.  A  moment's 
consideration  will  show  that  the  two  are  indeed  inseparable.  There 
is  nothing  an  engineer  can  do  in  furthering  the  interests  of  his  pro- 
fession by  which  he,  himself,  does  not  become  the  chief  gainer.  The 
contrary  is  no  less  true.  He  who  is  remiss  in  discharging  his  duties 
to  his  profession  to  the  measure  of  his  ability  fails  to  a  like  extent  in 
promoting  his  own  interests.  This  is,  indeed,  but  another  way  of 
saying  that  every  successful  effort  in  doing  something  by  which  the 
profession  profits  adds  to  the  professional  capital  of  the  doer,  and 
hence  redounds  directly  to  his  personal  advantage.  There  was  a  time 
in  the  earlier  days  of  engineering  when  its  few  followers  had  to  rely 
upon  their  private  note-books,  containing  the  accumulated  store  of 
their  professional  knowledge,  as  their  chief  source  of  information. 
And  it  was  natural  that  data  gathered  by  the  slow,  laborious  process 
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of  personal  experience,  when  other  means  were  almost  wholly  lacking, 
should  have  been  more  or  less  jealously  guarded.  In  those  days 
engineering  societies  had  no  existence,  or  next  to  none,  and  engineering 
literature  was  of  the  crudest  kind.  Just  as  every  trade  and  every 
business  had  its  "secrets,"  engineering  had  its  mysteries.  To-day 
such  "secrets"  are  seldom  kept,  not  because  men  have  grown  more 
altruistic,  but  chiefly  because  they  recognize  that  it  does  not  pay  to 
keep  them.  The  accumulation  and  diffusion  of  knowledge  along  all 
lines  is  now  proceeding  at  such  a  tremendous  rate  that  the  greatest 
possible  contribution  on  the  part  of  any  single  individual  sinks  into 
comparative  insignificance.  The  gain  that  may  accrue  to  him  by 
selfishly  withholding  the  results  of  his  personal  experience  and  observa- 
tion is  apt  to  be  as  nothing  compared  with  the  professional  prestige 
he  may  derive  from  their  publication  through  the  widest  channels. 
It  is  true  that  there  are  not  wanting  men  to-day  in  our  profession, 
as  in  every  other,  who,  like  the  sponge,  absorb  what  comes  within 
their  narrow  reach  and  yield  it  only  upon  pressure.  Happily  such 
men  constitute  an  insignificant  minority.  Nor  can  there  be  a  doubt 
that  they  are  themselves  the  chief  sufferers  of  their  narrow-mindedness. 
We  can  all  bear  ready  testimony  to  the  cheerful  willingness  with 
which  engineers  in  general  are  wont  to  place  the  results  of  their  ex- 
perience at  the  free  disposal  of  their  colleagues,  both  on  private  and 
public  occasions.  By  some  this  policy  is  carried  so  far  that  they 
refrain  from  patenting  devices  that  show  good  possibilities  of  profitable 
development.  While  no  one  can  reasonably  condemn  him  who  seeks 
to  reap  the  largest  legitimate  returns  from  ideas  that  are  his  own,  we 
can  not  refrain  from  applauding  the  high-mindedness  that  prompts 
a  contrary  course.  And  such  examples  are  by  no  means  so  infrequent 
that  they  must  be  classed  as  rare  exceptions. 

Coming  now  to  the  direct  question  before  us, — the  duties  of  the 
engineer  to  himself  and  his  profession, — which,  as  I  have  said,  are 
really  one  and  the  same,  the  answer  can  be  put,  I  think,  in  very  few 
words.  His  duty  is  to  hold  high  professional  ideals  and  to  make  a 
conscious  and  conscientious  effort  to  apply  them  to  himself,  as  nearly 
as  may  be,  in  all  his  professional  relations.  To  consider  in  any  great 
detail  just  what  these  ideals  should  be  and  how  they  are  to  be  observed 
under  various  contingencies,  would  be  equivalent  to  formulating  a 
code  of  professional  ethics.  To  attempt  even  an  outline  of  such  a 
code  would  be  alike  presumptuous  and  unprofitable.  Since  engineers 
are  human,  they  may  be  broadly  classified,  ethically,  under  two 
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headings.  First,  that  overwhelming  majority  who  would  not  stoop 
to  unprofessional  practices,  under  any  consideration;  and,  second, 
that  small  but  ever-present  minority  who  strive  persistently  for 
momentary  advantage  without  a  nice  regard  to  the  means  by  which 
it  is  to  be  attained,  or  for  the  rights  of  others.  Men  whose  moral 
sense  is  so  warped  will  never  be  redeemed  by  any  artificial  code  that 
may  be  prescribed  for  their  professional  guidance.  Their  natural 
tendencies  may  perhaps  be  somewhat  curbed,  or  at  least  their  influence 
for  evil  partly  negatived,  by  giving  the  widest  publicity  to  their 
practices  whenever  they  assume  a  form  that  plainly  warrants  public 
exposure.  Our  leading  engineering  journals  have  not  hesitated,  in 
extreme  instances,  to  assume  this  duty. 

It  has  been  recommended  from  time  to  time  that  the  engineering 
societies  should  exercise  a  sharp  restraint  upon  unprofessional  conduct 
through  their  power  of  expulsion.  Experience  has  shown,  however, 
that  this  power  is  rarely  or  never  brought  into  play;  not  only  because 
the  chief  offenders  are  apt  to  be  beyond  their  pale  of  membership; 
but  because  it  is  human  nature  for  men  to  condemn  silently  rather 
than  accuse  openly.  Moreover,  the  right  of  forcible  deprivation  of 
membership  is  wisely  so  hemmed  in  by  restrictions  that  it  is  not  easily 
made  operative.  Between  the  two  extremes,  this  condition  is  clearly 
preferable  to  one  by  which  the  professional  character  of  the  members 
might  be  lightly  exposed  to  indiscriminate  assault  inspired  perhaps 
by  individual  caprice,  jealousy,  or  prejudice.  It  is  well,  too,  to 
remind  ourselves  that  a  wide  charity  should  mark  our  judgment  of 
an  apparently  unprofessional  act  on  the  part  of  another.  While  the 
deed  itself  may  seem  clearly  revealed,  there  are  often  contributing 
and  palliating  circumstances  that  are  unknown  and  unknowable. 

And  after  all,  may  we  not  rest  confident  in  the  belief  that  there 
is  no  calling  in  which  the  average  standard  of  professional  conduct  is 
more  wholesome  than  in  our  own,  and  none  more  free  from  arrant 
quackery?     It  is,  of  course,  not  pretended  that  engineers  are  naturally 
of  a  superior  moral  fiber;  but  their  training  and,  in  fact,  their  every 
duty  require  an  accuracy  of  thought,  and  honesty  of  reasoning,  that 
make  for  truth.     Moreover,  the  work  of  the  engineer  from  the  humblest 
to  the  highest  is  apt  to  come  under  the  direct  scrutiny  of  his  peers, 
by  whom  its  merits  or  faults  are  easily  discerned,  and  upon  whom 
his  preferment  is  often  directly  or  indirectly  dependent.     Thus  it 
comes  that  success  in  engineering  is,  generally  speaking,  in  proportion 
to  real  desert.     Pronounced  exceptions  to  this  rule  are  comparatively 
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uncommon.  Unlike  the  physician,  the  engineer  can  not  conceal 
downright  incompetency  behind  an  agreeable  personality,  nor  can 
he  count  on  burying  his  mistakes.  Some  years  ago  there  appeared 
in  one  of  our  foremost  magazines  *  two  papers,  in  which  the  question, 
"Can  lawyers  be  honest ?"  was  ably  presented  from  opposite  points 
of  view.  While  I  would  yield  to  none  in  my  tribute  of  respect  to  the 
legal  profession  in  its  best  estate,  it  is  a  comforting  thought  that  in 
our  own  profession  the  very  suggestion  of  such  a  heading,  much  less 
a  serious  argument  upon  the  question,  were  inconceivable.  In  claiming 
this,  we  need  not  withhold  the  admission  that  the  engineer  has  prob- 
ably less  temptation  to  depart  from  normal,  every-day  standards  of 
rectitude  than  has  his  brother  of  the  law.  Nor  does  he  need  to 
defend  his  practices  by  professional  traditions  not  always  easily 
reconcilable  with  such  plain  standards. 

At  the  coming  annual  convention  of  one  of  our  national  engineering 
societies  a  discussion  is  to  be  held  on  the  question  whether  the  interests 
of  the  profession  and  the  duties  of  its  members  to  the  public  demand 
that  candidates  for  admission  to  the  practice  of  engineering  should 
be  required  to  give  some  formal  evidence  of  their  competency.  At 
first  it  might  seem  that  there  could  be  but  one  answer,  and  that  in 
the  affirmative.  A  little  reflection  will  show,  however,  that  there  is 
much  to  be  said  on  the  other  side.  The  conditions  in  our  profession 
are  peculiar  in  that  they  offer  opportunities  of  employment  through 
innumerable  channels  to  men  who  need  possess  only  the  merest 
smattering  of  theoretic  knowledge.  While  this  imposes  pretty  definite 
limitations  to  their  ultimate  advancement,  they  may  be  competent 
to  perform  such  minor  duties  as  are  entrusted  to  them  in  a  wholly 
satisfactory  manner.  Yet  men  of  that  type  would  doubtless  be 
excluded  by  any  examination  worthy  of  the  name.  To  me  such  a 
course  would  appear  unjustifiably  harsh.  Not  only  would  it  work  a 
hardship  to  the  individuals  immediately  concerned,  but  also  to  their 
employers.  In  fact,  there  would  seem  to  be  no  reasonable  warrant 
for  subjecting  engineers  in  general,  who  are  employed  on  a  salary,  to 
tests  other  than  those  naturally  imposed  by  the  requirements  of  their 
service.  The  employer,  whether  individual  or  corporation,  may  well 
be  trusted  to  determine  the  question  of  their  fitness  to  his  entire 
satisfaction. 

When  we  come  to  consider  the  relatively  small  number  of  engineers 


*  "  The  North  American  Review,"  vol.  clii,  1891,  pp.  194  and  604. 
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in  independent  practice,  there  is  more  ground  for  reasonable  differences 
of  opinion.  Whatever  tests  of  competency  may  be  applied,  however, 
it  would  seem  that  they  should  rather  take  the  form  of  a  searching 
inquiry  into  the  professional  record  of  the  candidate  than  an  exam- 
ination. While  it  is  easy  to  set  an  examination  that  will  exclude  in- 
competent men,  it  is  exceedingly  difficult  to  prevent  the  exclusion 
of  men  who  are  really  competent.  The  tendency  of  an  examination 
is  almost  unavoidably  to  set  a  premium  on  memory  rather  than 
general  intellectual  fitness;  on  so-called  book-learning  rather  than 
on  practical  experience  and  plain  common  sense. 

Let  us  turn  aside  a  little  further  to  consider  for  a  moment  an  in- 
teresting matter,  not  strictly  germane  to  the  subject.  The  question 
is  not  infrequently  asked,  Why  does  the  profession  of  engineering  not 
receive  the  same  measure  of  recognition  by  the  general  public  that 
is  so  freely  accorded  to  the  so-called  learned  professions:  theology, 
medicine,  and  law? 

While  public  sentiment  is  doubtless  growing  more  enlightened,  one 
is  still  often  amazed  at  the  vague  notions  betrayed  by  men  of  good 
average  information  concerning  the  functions  of  the  engineer.  Even 
at  this  day  a  civil  engineer  is  not  uncommonly  looked  upon  as  a 
surveyor  who  occasionally  turns  his  hand  to  other  duties.  A  college 
graduate,  speaking  of  civil  engineering,  once  said  to  me  with  blunt 
frankness,  that  the  prospect  of  spending  one's  life  looking  through 
the  small  end  of  a  telescope  seemed  to  him  singularly  unattractive. 
I  replied  that  I  thought  all  men  who  regarded  engineering  in  that 
light  would  doubtless  share  his  feelings. 

The  mechanical  engineer  is  scarcely  better  off.  The  average  in- 
telligent layman  looks  upon  him  as  some  kind  of  a  cross  between  an 
inventor,  a  machinist,  and  a  stationary  engineer;  but  is  sorely  puzzled 
to  identify  him  more  closely.  As  for  the  electrical  engineer,  he  is 
popularly  regarded  as  an  inventor,  pure  and  simple,  whose  talents 
may  sometimes  elevate  him  to  the  so-called  "wizard"  class. 

Quite  recently  I  was  asked  by  a  doctor  of  philosophy  to  explain 
the  distinction  between  a  civil  and  a  mechanical  engineer.  I  could 
not  resist  the  temptation  to  reply  at  first  that  there  was  none,  since 
every  mechanical  engineer  was  really  a  civil  engineer,  the  one  being 
the  specific,  the  other  the  generic  designation.  I  was  honest  enough 
to  add  that  the  mechanical  engineers  were  somewhat  inclined  to 
object  to  this  classification. 

A  highly  cultivated  woman  whose  son  proposed  to  study  engineering, 
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recently  observed  in  my  presence  that  she  could  not  account  for  what 
she  called  her  son's  peculiar  mechanical  bent;  that  the  male  members 
of  the  family  had  been  professional  men  for  generations;  but  that  her 
son  seemed  determined  to  become  a  mechanical  engineer  and  she 
supposed  she  would  have  to  let  him  have  his  way.  She  came  to  this 
conclusion  in  a  tone  of  such  helpless  resignation  as  to  remind  me 
forcibly  of  the  luckless  hen  who  had  hatched  out  an  ugly  duckling. 

These  instances  are  believed  to  be  fairly  characteristic  in  showing 
the  imperfect  understanding  and  the  inadequate  appreciation  of  the 
public  at  large  of  engineering  as  a  profession.  Admitting  the  fact, 
what  are  the  reasons?  If  we  turn  to  our  engineering  schools — which, 
by  the  way,  are  seldom  counted  with  the  professional  schools — we 
find  their  average  standard  of  admission  and  the  prescribed  length 
and  breadth  of  their  courses  distinctly  in  advance  of  those  in  medicine 
and  law;  nor  are  they,  to  say  the  least,  less  difficult.  Speaking  gener- 
ally, there  is  no  course  in  a  university  held  in  more  wholesome  respect 
by  the  student  body,  or  more  carefully  shunned  by  those  in  quest  of 
"snap"  courses,  than  those  in  engineering.  And  it  may  be  claimed 
with  equal  confidence  that  there  is  no  profession  which  makes  more 
exacting  demands  upon  its  followers,  and  in  which  high  honors  are 
more  difficult  of  attainment  or,  on  the  whole,  more  deservingly  be- 
stowed. Clearly  the  answer,  whatever  it  may  be,  must  be  sought  in 
other  quarters. 

To  say  that  engineering  as  a  profession  is  yet  in  its  swaddling 
clothes  is  true  if  the  reckoning  be  in  years.  If  gaged,  however,  by 
the  more  rational  standard  of  achievements,  we  find  it  has  attained 
to  giant's  stature.  We  rest  our  claim  to  professional  recognition  upon 
the  fact  that  engineering  has  its  basis  no  longer  in  empiricism,  but  in 
science.  The  justice,  and,  in  fact,  the  meaning,  of  that  claim,  however 
patent  to  ourselves,  can  appeal  but  dimly  to  the  layman.  His  appre- 
ciation of  our  work  is  apt  to  be  in  proportion  to  its  outward  magnitude 
or  striking  novelty.  To  him  the  building  of  a  railway  means  little 
more  than  an  amount  of  digging  and  filling,  the  laying  of  ties  and 
rails,  and  the  dumping  of  ballast.  The  construction  of  water-supply 
and  sewerage  systems  seems  to  consist  essentially  of  the  opening  and 
closing  of  ditches  for  the  reception  of  simple  pipes,  whose  sizes,  he 
vaguely  conjectures,  are  fixed  somehow  by  experience.  As  for  the 
building  of  pavements  and  ordinary  roadways,  or  canals,  dykes,  and 
levees,  evidently  nothing  could  be  much  easier.  -In  short,  it  is  impos- 
sible for  him  to  fully  grasp  the  idea  that  there  is  scarcely  a  detail  of 
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processes  apparently  so  simple  that  has  not  been  made  the  subject 
of  profound  scientific  study  and  that  is  not  undergoing  constant  change 
in  the  light  of  new  inventions  and  discoveries. 

Another  reason  which  militates  strongly  against  us  in  shaping  the 
popular  estimate  of  our  profession  lies  in  the  fact  that  the  overwhelm- 
ing majority  of  engineers  are  employed  for  fixed  hours  at  fixed  salaries. 
The  fewest  number  stand  in  direct  personal  relations  with  their  clients. 
This  circumstance  is,  indeed,  an  unfortunate  one  for  us  from  more 
than  one  point  of  view. 

It  must  be  conceded,  too,  that  public  appreciation  of  a  profession 
and  of  its  individual  members  stands  in  a  not  altogether  remote 
relation  to  their  earning  capacity.  To  maintain  a  high  social  position 
on  a  slender  income  is  becoming  increasingly  difficult  and,  in  our 
larger  communities,  is  well-nigh  impossible.  We  cannot  blind  our- 
selves to  the  fact  that  the  maximum  earning  capacity  of  engineers  is 
insignificant  compared  with  that  of  the  most  successful  men  in  other 
professions.  When  life  or  liberty,  character  or  fortune  is  at  stake, 
there  is  no  haggling  over  fees.  Retired  statesmen  find  apparently 
little  difficulty  in  speedily  accumulating  snug  fortunes  in  legal  practice. 
I  need  not  add  that  engineering  offers  no  such  possibilities.  In 
engineering  a  net  professional  income  exceeding  ten  thousand  dollars 
per  annum  is,  indeed,  a  very  rare  exception.  To  be  sure,  I  am  leaving 
out  of  consideration  that  large  number  of  men  who  owe  their  success 
in  kindred  vocations  more  or  less  directly  to  their  engineering  training; 
and  those  to  whom  this  training  has  served  ,as  a  stepping-stone  to 
salaried  positions  of  high  responsibility  and  trust,  in  lines  not  strictly 
technical. 

I  should  apologize,  perhaps,  that  I  have  strayed  so  far  from  my 
subject.  In  so  far  as  I  have  kept  to  the  text  set  me,  I  have  referred 
in  a  somewhat  general  way  to  the  duty  of  cherishing  high  professional 
ideals.  This  does  not  mean,  of  course,  that  we  shall  content  ourselves 
simply  by  maintaining  a  strict  personal  standard  of  professional 
integrity;  nor  does  it  mean  that  our  obligations  are  fully  met  if,  in 
addition,  we  strive  to  do  our  honest  share  in  furthering  engineering 
knowledge.  That  these  conditions  are  fundamentally  important, 
surely  none  would  question,  and  therefore  they  do  not  merit  more 
than  passing  notice. 

But  high  professional  ideals  have  another  significance,  no  less  vital, 
though  perhaps  less  easily  defined,  which  we  are  prone  to  overlook. 
That  is,  that  we  should  school  ourselves  to  take  at  all  times  the  broad- 
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est,  most  liberal  view  of  our  profession,  not  only  as  such,  but  in  its 
relation  to  society;  that  we  should  be  keenly  alive  to  the  danger  of 
degenerating  into  narrow  specialists,  with  small  concern  for  matters 
beyond  our  little  individual  spheres,  even  within  our  own  profession — 
much  less  for  things  that  lie  without.  That  engineers  are  apt  to  be 
distinctly  narrow  for  men  of  their  intellectual  attainments  is  an 
arraignment  which  I  fear  we  cannot  fairly  escape.  How  often  do  we 
find  ourselves  quibbling  over  petty  details,  magnifying  them  out  of 
all  due  proportion,  and  incidentally  obscuring  larger  issues!  Figura- 
tively, we  often  fail  to  perceive  the  city  for  the  houses,  or  the  woods 
for  the  trees.  Applied  to  interests  which  seem  to  lie  without  our 
immediate  professional  horizon,  the  indictment  becomes  even  more 
serious,  and  operates  more  plainly  to  our  disadvantage.  Why  should 
high  executive  positions  in  public  and  industrial  affairs,  with  duties 
belonging  essentially  within  the  province  of  the  engineer,  be  filled 
so  commonly  by  non-technical  men?  Is  it  not  due  primarily  to  these 
very  limitations  in  our  own  qualifications?  I  am  aware  that  the 
cause  is  not  infrequently  to  be  found  in  limitations  of  another 
nature  distinctly  to  our  credit.  But  that  fact  will  not  serve  as  a 
sweeping  exoneration.  It  has  come  to  be  a  trite  saying  that  as  a  rule 
engineers  are  lacking  in  executive  ability  in  business  matters.  Though 
we  are  apt  to  resent  this  imputation,  and  are  not  embarrassed  for 
want  of  numerous  prominent  examples  in  our  defense,  yet  our  sober 
judgment  tells  us  that  it  contains  more  than  a  germ  of  truth. 

The  one-sidedness  of*  our  development  is  due  in  a  measure  to  causes 
normal  and  unavoidable.  But  in  a  larger  measure  the  fault  is  one 
for  which  we  are  at  least  passively  responsible.  The  tendency  toward 
narrowness  is  apparent  even  among  students  pursuing  engineering 
courses.  Studies  not  strictly  technical  are  too  often  looked  upon  as 
useless  and  slighted  accordingly.  This  tendency  is  deplorable  in  a 
double  sense.  Not  only  because  the  purely  cultural  studies  occupy 
at  best  a  scant  place  in  the  curriculum,  but  because  there  is  probably 
no  profession  which  affords  less  opportunity  for  recovering  such  lost 
ground  in  after-life.  It  is  a  rule,  rather  than  an  exception,  that 
engineering  students  are  not  able  to  write  creditable  English  upon 
graduation.  We  are  painfully  aware,  too,  that  this  fault  is  not  con- 
fined to  the  fledglings  of  our  profession.  Let  me  quote  the  testimony 
of  the  Past-President  of  the  American  Society  of  Civil  Engineers,  in 
his  own  words,  as  spoken  at  the  last  annual  convention  of  that  society, 
in  London:  "For  two  years,  during  my  period  of  holding  the  office 
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of  Vice-President,  I  was  a  member  of  the  Publication  Committee,  and 
I  was  surprised  at  the  manner  in  which  some  papers  were  presented. 
What  I  am  saying  now  is  of  course  not  for  general  publication,  but 
simply  for  the  members  of  our  Society.  ...  If  some  of  the 
papers  presented  to  that  Publication  Committee  by  men  who  stand 
high  in  our  profession  had  been  presented  by  pupils  of  a  high  school, 
they  would  never  have  been  permitted  to  receive  consideration." 
Those  of  us  who  have  served  in  a  similar  capacity  can  appreciate  the 
justice  of  these  strictures,  humiliating  as  they  are.  And  it  is  better 
that  they  should  be  emphasized  too  strongly  than  that  they  should 
be  glossed  over. 

We  owe  it  to  ourselves  and  to  our  profession  to  recognize  the  danger 
to  which  I  have  alluded, — the  danger  of  unsymmetric  development, — 
and  to  make  well-directed  and  persistent  efforts  to  escape  its  con- 
sequences. We  should  seek  to  keep  in  intelligent  touch  with  the 
world  of  men  and  affairs.  We  should  strive  to  take  a  generous 
interest  in  all  higher  lines  of  human  endeavor.  We  should  try  to 
cultivate  a  taste  for  art,  an  appreciation  of  good  literature,  and  of  all 
else  that  makes  for  culture  and  refinement.  We  should  have  a  proper 
regard,  too,  for  social  forms  and  usages,  by  estimating  them  at  their 
true  worth.  To  despise,  or  to  affect  to  despise,  the  amenities  of  life 
is  almost  as  censurable  as  to  make  them  the  chief  aim  and  end  of 
one's  existence. 

And,  in  conclusion,  I  cannot  refrain  from  voicing  my  profound  con- 
viction that  in  the  measure  in  which  we,  individually  and  collectively, 
shall  succeed  in  meeting  more  nearly  the  ideals  thus  broadly  indicated, 
in  that  measure  we  shall  speed  the  day  when  public  sentiment  will 
accord  to  engineering  that  honorable  place  among  the  learned  profes- 
sions to  which  its  title  is  in  reality  so  clear. 


THE  DUTY  OF  THE  ENGINEER  TO  HIS  CLIENTS  OR  EMPLOYERS. 

JOHN   BIRKINBINE. 

The  committee  has  divided  "The  Duty  of  the  Engineer"  into  four 
sections,  but  I  shall  speak  only  of  "  The  Duty  of  the  Engineer  to  His 
Clients  or  Employers." 

In  accepting  the  division  as  planned,  we  merely  segregate  the  duty 
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of  the  engineer  for  the  purpose  of  discussion,  for  no  engineer  can  per- 
form his  full  duty  who  forgets  either  his  individual  reputation  or  the 
honor  of  the  profession  which  he  has  chosen,  or  who  fails  in  loyalty  to 
his  clients  or  employers,  or  who  is  unjust  to  contractors  or  contractors' 
employees  performing  the  work  under  his  direction,  or  who  does  not 
realize  the  integrity  of  his  work,  and  his  conduct  is  the  gage  by  which 
the  general  public  measure  the  engineer. 

The  section  which  I  discuss  presents  two  general  classes — "clients 
and  employers" — as  those  from  whom  the  engineer  is  expected  to  earn 
his  living,  and  the  following  definitions  are  offered  as  distinguishing  the 
classes: 

An  engineer's  "client"  is  an  individual,  firm,  or  corporation  calling 
upon  him  for  special  or  temporary  service,  the  performance  of  which 
terminates  the  relations.  This  connection  may  cover  a  single  engage- 
mentor  it  may  represent  a  series  of  periodic  or  spasmodic  engagements. 
But  in  each  particular  case  it  may  be  assumed  as  a  general  rule  that  the 
more  faithfully  and  energetically  the  engineer  represents  a  client,  the 
earlier  his  temporary  engagement  terminates. 

An  "employer"  may  be  considered  as  an  individual,  firm,  or  cor- 
poration, served  by  an  engineer  under  a  regular  compensation  for  a 
specified  period,  actual  or  implied,  assurance  justifying  the  expectation 
that  loyal  service  will  bring  advancement,  or  at  least  continued  em- 
ployment. To  state  the  distinction  briefly  in  shop  vernacular,  an 
engineer  when  serving  clients  faithfully  is  "  working  himself  out  of  his 
job,"  but  when  loyally  representing  employers  he  is  "  holding  down  his 
job." 

The  ethics  which  govern  a  true  engineer  are  the  same  in  each  case, 
and  he  will  be  as  faithful  to  the  interests  of  clients  during  a  temporary 
engagement  as  to  those  of  employers  under  a  longer  term. 

Accepting  the  definitions  of  client  and  employer,  the  relations  of  the 
engineer  may  be  expected  to  be  closer  and  more  confidential  with  em- 
ployers than  with  clients.  The  almost  constant  contact  of  the  engineer 
and  employer  permits  of  mutual  confidences,  the  abuse  of  which  by 
either  party  is  little  short  of  criminal — confidence  which  permits  the 
principal  to  trust  the  engineer  and  the  latter  to  advantageously  serve 
his  employer. 

Under  normal  conditions  a  client  and  the  engineer  meet  often  as 
strangers,  the  engineer  being  selected  because  of  his  reputation  and  the 
client  served  because  of  his  reported  financial  standing.  Each  must, 
however,  meet  the  other  in  confidence,  and  clients  often  place  impor- 
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tant  interests  at  the  dictum  of  an  engineer  almost  unknown  personally, 
this  action  being  dictated  by  the  reputation  of  the  engineer.  The 
profession  may  well  be  proud  of  such  recognition,  and  as  the  reputation 
of  the  engineer  is  his  capital,  he  is  a  fool  who  impairs  it  by  acts  which 
jeopardize  his  good  name  among  men,  and  bring  to  him  the  unrest 
which  follows  deviation  from  the  path  of  rectitude.  Being  treated 
with  confidence,  it  is  his  duty  to  deserve  such  recognition  by  faithfully 
guarding  the  interests  of  either  client  or  employer. 

In  his  intercourse  with  clients  and  employers  the  engineer  co-oper- 
ates with  all  phases  of  the  "  genus  homo."  He  may  find  the  individual 
or  company  employing  the  engineer  because  of  special  knowledge, 
generously  recognizing  this  knowledge,  and  giving  him  unreserved  con- 
fidence, unless  the  engineer  demonstrates  incapacity  or  violates  this 
faith,  when  a  directly  opposite  course  is  justly  pursued.  But  the  work 
is  not  always  so  pleasant  nor  the  duty  so  plain.  The  engineer  meets 
with  those  who,  failing  to  discriminate  between  power  applied  and 
power  exhibited,  run  great  risk  by  demonstrating  brief  authority,  often 
with  a  result  such  as  befell  the  owner  of  a  fractious  horse,  who  grasped 
the  reins  from  the  hands  of  a  competent  driver  at  a  critical  time.  The 
driver,  of  course,  was  blamed  for  the  loss  of  the  horse  and  vehicle  and 
for  the  crippling  of  the  owner,  while  the  owner  was  at  fault. 

There  are  occasions  when  the  engineer  must  assert  his  position  in 
opposition  to  a  client  or  employer,  but  such  assertion  should  be  based 
upon  his  interpretation  of  loyalty  to  the  interests  intrusted  to  him,  and 
not  by  wounded  pride.  Circumstances  may  arise  which  demand  that 
to  protect  the  interest  of  his  client  he  must  refuse  to  follow  a  procedure 
suggested,  or  to  follow  it  under  formal  protest,  although  such  action 
may  jeopardize  his  position  or  engagement. 

A  little  learning  is  quoted  as  being  dangerous,  and  probably  in  no 
situation  is  this  axiom  more  evident  than  when  the  engineer  is  serving 
municipalities.  It  is  when  he  has  the  public  for  a  client  or  employer 
that  one  realizes  how  rapidly  engineers  are  developed  from  men  whose 
training  or  education  has  given  neither  experience  nor  knowledge  in 
this  specialty,  but  whose  opinions  or  advice  are  volunteered  freely  and 
often  urged  with  persistence.  In  such  relation  the  engineer  may  un- 
wittingly become  a  factor  in  local  politics;  for  if  the  public  improve- 
ment which  he  is  called  to  direct  is  formulated  by  one  political  faction, 
all  connected  with  its  prosecution  become  targets  for  opposing  factions. 
Under  these  circumstances  the  engineer  is  also  apt  to  learn  from  the 
press  what  was  evidently  undiscovered  or  overlooked  before — that  the 
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community  has  a  liberal  supply  of  local  talent  with  capabilities  equal 
to  or  exceeding  those  of  the  engineer,  which  talent  could  have  been  pro- 
cured at  a  fraction  of  the  munificent  (so  called)  compensation  which  is 
paid  to  the  incumbent. 

In  determining  his  duty  to  the  public  as  client  or  employer  the  en- 
gineer may  have  difficult  problems  to  solve,  and  in  performing  this 
duty  he  may  need  to  show  bravery  equal  to  those  who  face  the  cannon's 
mouth;  to  exhibit  judgment  as  keen  as  that  of  a  competent  jurist;  or 
to  demonstrate  a  determination  to  overcome  obstacles  fully  as  pro- 
nounced, but  seldom  as  fully  recognized,  as  has  made  great  generals  or 
noted  managers. 

An  engineer  may  hold  his  position  in  municipal  government  by  being 
subservient  to  political  dictation,  but  then  he  should  be  classed  as  a 
politician  and  not  as  an  engineer,  or  he  may  satisfy  himself,  but  gain  no 
lasting  credit,  by  attempting  to  shift  responsibilities  upon  others.  He 
who  fills  a  position  of  this  character  with  the  greatest  credit, — and 
credit  is  not  always  synonymous  with  applause, — or  who  serves  the 
public  best,  must  act  from  unselfish  motives,  exhausting  to  the  limit 
his  authority  before  he  is  entitled  to  consideration  by  reason  of  the  in- 
activity of  superiors  or  uncertainty  of  legal  status.  The  public  is  an 
exacting  employer,  but  ultimately  recognizes  ability,  integrity,  and 
persistence.  It  is  not  quick  to  make  a  martyr  of  one  who  chronically 
exhibits  the  bonds  which  tie  his  hands;  nor  will  it  create  a  hero  of  one 
who  extols  his  exploits  instead  of  permitting  his  work  to  exalt  him. 

The  engineer  meets  (more  often  as  clients  than  as  employers,  if  the 
definition  before  given  is  accepted)  those  who  seek  benefit  at  the  sacri- 
fice of  the  high  standard  which  should  govern  him.  In  many  instances 
no  wrongdoing  is  intended  or  suggested  by  clients  whose  anxiety  to 
have  a  favorable  report  upon  a  process,  property,  or  project  obscures 
their  appreciation  of  the  fact  that  the  engineer  is  employed,  not  only 
because  of  his  experience  and  skill,  but  also  because  he  is  supposed  to 
be  unbiased.  No  engineer  takes  pleasure  in  condemning  what  his 
clients  have  anticipated  would  result  to  their  advantage,  but  he  is  often 
compelled  to  do  this,  and  to  realize  with  what  apparent  aversion  fees 
are  at  times  paid  for  counseling  against  a  procedure  which  would  cause 
great  losses,  possibly  financial  ruin.  At  times  he  must  sacrifice  pros- 
pective engagements  when  his  knowledge  of  conditions  is  sufficient 
to  demonstrate  to  his  satisfaction  that  the  result  of  his  work  would  be 
contrary  to  the  expectation  of  those  seeking  his  services. 

There  is  no  profession  which  outranks  that  of  the  engineer.     We  can 
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honor  the  man  who  has  studied  law,  or  the  doctor  who  is  familiar  with 
the  human  form  and  can  tell  so  much  of  what  is  in  it,  but  they  do  not 
handle  the  forces  that  engineers  are  called  upon  to  master.  Therefore 
our  standards  should  be  the  highest,  and  such  that  we  can  always  be  in 
a  position  to  assert  ourselves  and  stand  for  what  is  right. 

Another  class  of  clients  which  the  engineer  occasionally  meets  do  not 
hesitate  to  suggest  compensation  or  fees  contingent  upon  the  favorable 
character  of  reports  or  results  of  examination.  There  are  undoubtedly 
conditions  which  may  make  such  a  course  equitable,  but  proffered  en- 
gagements of  this  character  are  generally  questionable,  and  in  deter- 
mining his  duty  the  engineer  may  safely  draw  the  line  of  declining  any 
engagements  the  terms  of  which  would  weaken  his  conclusions  in  the 
eyes  of  either  client  or  prospective  investor,  assuming  that  the  terms 
were  in  each  case  known. 

In  specifying  materials  or  appliances,  the  engineer's  duty  to  his 
clients  or  employers  requires  that  he  secure  those  best  suited  to  the 
purpose,  at  least  cost  to  his  principals,  and  his  specifications  must 
therefore  be  drawn  to  invite  as  active  competition  as  practicable.  It  is 
the  safer  policy  to  have  an  excess  of  bids  than  by  restrictions  to  place 
the  client  or  employer  in  the  real  or  fancied  power  of  bidders. 

Each  engineer  has  his  preferences  and  is  entitled  to  express  them,  but 
in  determining  "duty"  he  is  wise  who  encourages  active  competition 
for  work  submitted  to  him. 

The  engineer  who  chooses  his  profession  as  a  means  of  acquiring 
wealth  seldom  reaches  that  goal.  If  he  is  able  to  live  in  comfort  and 
with  but  moderate  anxiety  for  the  future,  he  is  in  advance  of  the  major- 
ity of  his  professional  brethren.  With  him  "  a  good  name  is  rather  to 
be  chosen  than  great  riches."  There  are  comparatively  few  engineers 
who  may  be  considered  rich,  and  this  limited  number  includes  men 
whose  accumulation  has  been  the  result  of  judicious  investment,  of 
legacies,  or  of  business  outside  of  or  possibly  related  to  engineering. 

With  such  conditions  facing  the  engineer,  and  appreciated  by  those 
with  whom  he  associates  in  business,  the  temptation  is  great  to  aug- 
ment an  income  by  means  which  are  inviting,  and  some  of  which  at 
least  do  not  suggest  impropriety.  Probably  commissions  present  the 
most  subtle  of  these  temptations,  for  the  engineer  recognizes  that  mem- 
bers of  some  kindred  professions  depend  largely  upon  these  for  revenue. 
This  is  a  subject  which  could  be  discussed  at  length,  but  in  determining 
his  duty  to  clients  he  may  have  as  a  guide  the  statement  that "  no  man 
can  serve  two  masters." 
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escape  the  contractor's  knowledge.  His  duty  is  something  more  than 
to  vaguely  suggest  possible  difficulties  and  requirements,  and  then 
create  for  himself  a  refuge,  by  ignoring  all  responsibility  for  lack  of 
reliable  data,  by  providing  that  the  information  upon  essential  points 
in  the  specifications  is  not  guaranteed,  and  that  the  contractor  through 
his  personal  knowledge  and  examination  will  be  assumed  as  having  full 
and  correct  information  upon  all  matters  involved  in  the  work,  even 
though  the  engineer  may  have  suppressed  a  part  of  his  information. 
It  goes  without  saying  that  the  contractor  has,  in  the  end,  to  assume 
such  responsibilities;  but  it  should  be  based  as  far  as  possible  upon  a 
full  knowledge  and  frank  avowal  of  all  that  the  engineer  knows  of  the 
work. 

This  duty  of  the  engineer  is  a  delicate  one,  and  the  personal  equation 
of  the  individual  will  largely  determine  his  action  in  the  matter.  Should 
his  personal  views  be  interfered  with  by  those  of  his  employer,  then  the 
engineer  must  determine  for  himself  how  far  the  ethics  of  his  profession 
and  his  duties  to  himself  and  his  fellow-man  will  rightly  permit  his  judg- 
ment to  be  overruled  by  his  superiors.  To  intentionally  suppress  im- 
portant information  which  would  be  difficult  or  impossible  for  the  con- 
tractor to  obtain  is  at  once  a  crime  against  the  public  and  an  error 
which  is  more  than  likely  to  assert  itself  unfavorably  in  the  work  with 
which  it  is  connected.  Dishonesty  in  the  administration  of  work  will 
surely  result  in  dishonest  execution,  and  this  in  turn  may  lead  to  dis- 
aster, involving  both  property  and  human  life. 

There  never  was  an  alleged  wise  saw  that  had  less  foundation  in  fact 
than  that  which  states  that  "  competition  is  the  life  of  trade."  If  the 
word  death  were  substituted  for  life,  the  statement  would  be  nearer  the 
truth.  In  nearly  all  callings,  intelligence,  ability,  and  its  proper  ac- 
companiment reputation,  count  for  much  in  winning  business  success. 
In  the  other  professions  we  never  hear  of  assignments  made  on  the  basis 
of  competition;  and  yet  the  engineer  is  too  often  forced  to  carry  into 
effect  his  plans  under  a  system  of  unqualified  competition  that  is  at 
once  destructive  of  good  results  and  unfair  to  the  contractor  who  will 
only  do  his  work  in  a  proper  manner,  and  whose  prices  are  based  upon 
such  a  method  of  work  as  will  insure  satisfactory  results  to  the  engineer 
and  to  those  for  whom  the  work  is  done. 

Open,  unqualified  competition,  without  reservation  as  to  awards 
thereunder,  is  an  invitation  and  an  encouragement  to  the  incapable, 
unwise,  and  dishonest  contractor  to  enter  into  competition  with  the 
contractor  who  believes  that  capacity,  experience,  and  honesty  are 
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essential  elements  both  to  his  success  and  to  the  success  of  the  work  that 
is  to  be  carried  into  execution.  When  incapacity,  inexperience,  and  dis- 
honesty are  joined  with  political  pull  and  favoritism,  the  premium 
placed  upon  the  dishonest  execution  of  work  is  such  as  to  forbid  com- 
petition on  the  part  of  contractors  who  do  not  adopt  such  methods. 

The  duty  of  the  engineer  under  such  adverse  conditions  is  plain,  for 
he  must  either  be  in  a  position  to  demand  and  secure  the  proper  execu- 
tion of  the  work  entrusted  to  his  charge,  or  he  must  retire  himself  from 
a  responsibility  which  is  almost  sure  to  result  in  the  dishonest  execution 
of  his  plans  and  designs.  The  engineer  owes  at  once  a  duty  to  his  em- 
ployees and  the  public,  through  which,  by  all  legitimate  means,  the 
incapable  and  dishonest  contractor  is  excluded  from  the  possibility  of 
competing  for  work  to  be  done  under  the  engineer's  direction;  and  if  it 
is  impracticable  to  accomplish  such  an  end  by  not  allowing  this  class  of 
contractors  to  bid  upon  work,  the  power  and  authority  should  be  in- 
herent in  the  specifications  to  permit  the  exercise  of  a  discrimination 
which  can  be  used  to  prohibit  his  securing  the  work. 

The  undesirability  of  unqualified  competition  is  well  recognized 
through  the  manner  in  which  individuals  and  many  large  corporations 
invite  proposals  for  required  work  or  materials;  viz.,  by  placing  their 
proposals  only  in  the  hands  of  such  parties  as  are  known  to  be  capable, 
experienced,  and  honest.  In  the  main,  our  cities  and  the  general  gov- 
ernment are  the  only  parties  who  do  not  adopt  ordinary  business 
methods  in  selecting  their  contractors,  and  where  the  only  criterion  is 
the  lowest  prices  offered  for  the  work  to  be  done  or  the  material  to  be 
furnished. 

With  the  United  States  government  this  method  of  unrestricted 
competition  is  carried  to  the  extreme,  upon  the  theory  that  the  bidder's 
or  contractor's  bond  establishes  the  responsibility  of  the  bidder  or  con- 
tractor; and  more  attention  is  given  to  very  exact  compliance  with 
instructions  as  to  the  seals  and  notarial  attestations  upon  the  bonds 
than  is  given  to  the  ascertainment  of  the  fact  whether  or  not  the  bonds 
have  any  real  financial  value.  As  a  result  of  this  method  the  govern- 
ment has  constantly  upon  its  public  works  failing  and  defaulting  bid- 
ders and  contractors,  against  whom  legal  action  is  seldom  taken  toward 
the  enforcement  of  the  penalties  provided  in  the  contract.  While  there 
may  be  a  theoretic  value  in  the  moral  effect  of  bonds  and  penalties 
named,  such  effect  is  lost  upon  the  irresponsible  and  dishonest  con- 
tractor, who  through  a  long  experience  has  gained  a  valuable  knowledge 
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of  shrewd  methods  and  tricks  by  which  he  can  escape  their  enforcement, 
and  upon  which  he  fully  counts  when  he  enters  into  contract. 

The  engineer  who  is  brought  into  administrative  contact  with  the 
irresponsible  and  dishonest  contractor  will  find  himself  quickly  engaged 
in  a  conflict,  whereby  the  efforts  of  the  engineer  to  enforce  the  proper 
performance  of  the  work  will  be  met  by  every  effort  on  the  part  of  such 
a  contractor  to  cheapen  the  work,  or  else  to  prepare  the  way  for  a  suc- 
cessful escape  from  the  penalties  of  his  bond,  if  the  work  is  not  carried 
to  satisfactory  completion.  The  engineer  who  has  gone  through  sueh 
experiences  emerges  from  the  conflict  always  a  disappointed,  but  gen- 
erally a  wiser,  man. 

From  an  experience  of  many  years  the  speaker  has  been  brought  to 
feel  that  many  engineers  are  inclined  to  hold  a  responsible  and  con- 
scientious contractor  to  a  more  rigid  enforcement,  even  of  non-essen- 
tials, than  an  incapable  and  dishonest  contractor  to  matters  essential  to 
the  proper  performance  of  the  work.  The  reason  for  this  is  that  it  is 
easier  to  secure  exact  compliance  from  the  former  than  even  approxi- 
mate compliance  from  the  latter;  but  the  question  arises  whether  the 
engineer  has  a  moral  or  professional  right  to  attempt  to  move  in  such 
matters  along  the  line  of  least  resistance. 

Considering  the  engineer  as  the  direct  agent  of  the  parties  who  are  to 
pay  for  the  work  done,  it  may  not  seem  unnatural  for  the  engineer  to 
yield  to  the  temptation  of  seeking  the  accomplishment  of  his  work  at 
the  least  possible  cost  to  his  employer,  regardless  of  what  he  knows  to 
be  the  real  intrinsic  value  of  the  work.  Adopting  this  view,  some  engi- 
neers encourage  unqualified  competition  to  its  extreme,  and  attempt  to 
reduce  each  letting  of  work  to  the  methods  and  principles  which  sur- 
round the  bargain  counter. 

Every  work  is  worth  its  absolute  cost  as  carried  into  proper  execu- 
tion under  wise,  economic,  and  efficient  administration,  plus  a  reasona- 
ble profit  to  the  contractor.  The  engineer  who  seeks  to  accomplish  his 
work  at  less  than  what  he  knows  to  be  its  true  value  violates  the  funda- 
mental principles  of  sound  business,  and  thereby  lends  himself  to  the 
perpetration  of  a  fraud  upon  the  public,  and  an  injustice  to  his  em- 
ployer and  his  contractor. 

The  engineer  in  responsible  charge  of  work  cannot  give  his  unquali- 
fied time  and  attention  to  the  details  as  they  are  carried  out  in  the 
field ;  he  therefore  must  delegate  this  duty  of  immediate  supervision  to 
his  assistants  or  inspectors.  Frequently  this  duty  falls  into  more  or 
less  inexperienced  hands,  with  the  responsible  engineer  often  far  re- 
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moved  from  the  work,  or  else  not  easily  accessible.  The  value  is  very 
great  to  the  contractor  and  to  the  work  of  having  at  all  times  immedi- 
ately accessible  a  representative  of  the  engineer  who,  through  training 
and  experience,  is  qualified  in  an  emergency  to  promptly  act  for  his 
superior.  Wisely  as  plans  and  specifications  may  be  prepared,  they  are 
nevertheless  not  inspired  and  inerrant,  and  often  the  unexpected  and 
unprovided-for  contingency  will  arise  that  demands  correct  judgment 
and  instant  action,  based  on  experience,  and  a  large  amount  of  level- 
headedness and  common  sense.  If  at  such  tynes  the  representative  of 
the  engineer  does  not  possess  these  qualities,  both  the  work  and  the 
contractor  will  be  sufferers;  and  these  are  injuries  the  engineer  has  no 
moral  or  professional  right  to  inflict  on  either  the  work  or  the  con- 
tractor. 

Carefully  as  plans  and  specifications  may  be  prepared  for  works  in- 
volving much  detail,  they  can  seldom  provide  for  every  variation  from 
the  normal  which  may  occur;  and  when  such  variations  do  occur,  the 
representative  of  the  engineer  who  reads  his  specifications  as  though 
they  were  his  Bible,  expecting  to  find  therein  provision  for  all  things, 
will  surely  be  disappointed,  and  the  work  and  the  contractor  will  as 
surely  suffer  through  the  inspector's  ignorance  and  misguided  faith. 
No  more  unsatisfactory  representative  of  the  engineer  can  be  found 
than  he  who  is  unable  to  call  to  his  aid  experience  and  common  sense  in 
interpreting  the  true  spirit  and  intention  of  the  plans  and  specifications. 

It  follows  from  these  conditions  that  among  the  duties  which  an  engi- 
neer owes  to  his  contractor  is  that  of  being  represented  upon  the  work 
by  an  assistant  who  has  other  qualifications  than  those  of  being  related 
to  somebody,  or  one  who  votes  on  the  right  side,  and  who  may  therefore 
enjoy  the  favor  of  the  district  politician.  An  assistant  or  an  inspector 
whose  employment  is  based  upon  qualifications  other  than  his  fitness 
for  the  work,  and  whose  tenure  of  office  is  not  measured  only  by  his 
capacity  and  known  honesty,  is  an  injustice  to  the  contractor,  and  a 
standing  menace  to  the  work  upon  which  he  is  employed. 

The  position  which  the  engineer  holds  as  to  his  employer  and  his  con- 
tractor is  without  its  parallel  in  the  other  professions,  and  his  duties 
which  arise  thereunder  to  these  parties  are  at  once  responsible  and 
delicate.  The  engineer  is  quite  generally  made  the  only  authoritative 
interpreter  of  the  true  intent  and  meaning  of  the  plans  and  specifica- 
tions ;  and  the  specifications  more  or  less  definitely  provide  that  he  shall 
determine  every  question,  difference,  or  doubt  in  relation  to  and  arising 
from  the  work  undertaken,  and  shall  decide  every  question  which  may 
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arise  relative  to  the  execution  of  the  contract  on  the  part  of  the  con- 
tractor; that  his  estimates  shall  be  held  as  final;  and  that  his  specific 
conclusions  and  decisions  shall  be  beyond  appeal. 

These  broad  and  conclusive  powers  would  suggest  that  the  engineer 
is  an  arbitrator  between  his  principal  and  the  contractor,  and  clothed 
with  the  fullest  power  of  decision  and  action ;  and  yet  the  analogy  is 
not  complete.  An  arbitrator  should  be  a  disinterested  party,  and  such 
the  engineer  is  not.  An  arbitrator  should  not  be  under  the  pay  or  influ- 
ence of  either  party;  the  engineer  is  manifestly  under  both  from  his 
principal.  An  arbitrator  should  have  no  interest  in  the  questions  he  is 
to  decide;  the  engineer  is  called  upon  to  support  his  interpretations  of 
his  own  plans  and  words,  and  to  justify  his  estimates  and  conclusions 
generally.  The  position  and  its  duties  are  anomalous,  and  a  legal 
authority,  commenting  on  the  situation,  said :  "  Under  these  conditions 
the  contractor's  rights  depend  upon  his  good  luck  in  having  his  work 
under  the  supervision  of  an  honest  and  conscientious  engineer;  and 
that  the  employer's  obligations  to  pay  or  to  perform  depend  upon  his 
approval  and  the  behavior  of  his  engineer  f  and  that  under  such  condi- 
tions "  the  courts  undertake  to  guarantee  the  contractor  that  the  em- 
ployer or  his  engineer  shall  not  capriciously  nor  unreasonably  exercise 
his  power  to  defeat  the  contract,  or  deny  the  contractor  his  just  and 
reasonable  compensation."  No  engineer  has  a  right  to  force  a  reasona- 
ble contractor  to  carry  into  the  courts  the  determination  of  questions 
that  arise  between  them;  for  most  contractors  know  that  after  resort 
to  such  an  expedient  their  subsequent  lot  would  not  be  a  happy  one; 
and  that  their  position  thereafter  would  be  sadly  prejudiced. 

The  apparent  arbitrary  power  given  to  the  engineer  in  the  usual 
specifications  and  engineering  contract,  and  which  are  probably  gener- 
ally conceded  by  the  contractor,  have  their  limitations  in  practice. 
Numerous  decisions  of  the  courts  stamp  with  disapproval  contract  stip- 
ulations which  tend  to  bind  parties,  before  the  occurrence  of  an  event, 
to  the  arbitrary  reference  of  matters  arising  from  such  events  to  an  arbi- 
trator without  judicial  functions.  Neither  have  the  courts  regarded 
with  favor  the  attempts  of  parties  to  oust  their  jurisdiction  through 
unqualified  agreements  for  arbitration.  It  should  not  be  forgotten 
that  all  agreements  for  arbitration  are  revocable  by  either  party  at  any 
time  before  the  decision  has  been  rendered  by  the  arbitrator.  This 
further  indicates  the  attitude  of  the  law  toward  arbitration.  A  very 
recent  case  decided  by  Judge  Lawrence,  of  the  New  York  Supreme 
Court,  well  illustrates  this  subject.     Under  a  contract  it  was  provided 
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that,  to  prevent  all  disputes  and  litigations,  it  was  agreed  between  the 
parties  to  the  contract  that  the  engineer  should  determine  all  questions 
of  difference,  and  was  to  fix  the  amount  and  quality  of  the  work  to  be 
done;  and  that  the  findings,  estimates,  and  decisions  of  the  engineer 
were  to  be  final  and  conclusive.  The  court  held  that  this  provision  in 
the  contract  was  clearly  to  make  the  engineer  the  absolute  and  final 
arbiter  as  to  all  questions  arising  between  the  parties;  that  the  pro- 
vision in  question,  if  made  operative,  would  oust  the  courts  of  jurisdic- 
tion; and  therefore  it  was  decided  as  being  void  on  the  ground  of  being 
adverse  to  public  policy.  This  decision  is  in  harmony  with  well-estab- 
lished judicial  maxims  and  conclusions,  and  is  supported  by  a  long  line 
of  decisions. 

Through  the  very  powers  which  are,  of  necessity,  given  to  the  engi- 
neer, he  owes  a  duty  to  his  contractor  and  to  his  employees  to  treat  all 
situations  and  conditions  which  may  arise  with  judicial  fairness;  and 
while  entitled  to  insist  upon  the  full  and  proper  carrying  into  effect  of 
the  work  undertaken,  he  should  not  forget  that  his  contractor  holds 
rights  which  honesty  and  justice  demand  shall  receive  fair  recognition. 
To  fully  meet  the  requirements  of  such  a  situation  and  its  duties  be- 
speaks for  the  engineer  the  admirable  traits  which  we  believe  are  an 
accompaniment  to  the  profession  under  its  best  development.  % 

Contrast  such  a  view  of  the  duties  of  an  engineer  to  his  contractor  or 
his  employees  with  the  following  as  set  forth  in  a  text-book  intended 
for  the  use  of  the  profession.  "  The  engineer  is  in  the  interests  of  the 
proprietor,  and  receives  his  compensation  from  him.  ...  He  is 
not  required  nor  expected  to  watch  the  contractor's  business,  nor  to 
promote  his  interests,  and  any  attempt  to  do  so  might  render  his  posi- 
tion untenable,  change  the  relations  of  the  parties,  and  render  the  stipu- 
lation of  his  choice  invalid."  Again,  the  same  writer  states:  "The 
engineer  owes  no  duties  to  the  contractor  except  what  he  can  demand 
by  the  terms  of  his  contracts ;  he  is  under  no  obligations  to  protect  his 
interests  or  assist  him  in  his  affairs."  I  should  be  sorry  indeed  to  be- 
lieve that  such  a  doctrine  could  be  held  by  the  engineer  who  dignifies 
his  profession  and  its  duties,  and  who  believes  that  these  duties  have 
their  foundation  in  honesty,  intelligence,  and  justice. 
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THE  DUTY  OF  THE  ENGINEER  TO  THE  PUBLIC. 

JOHN   C.    TRAUTWINE,   JR. 

No  engineer  need  be  told  that "  duty  "  is  the  ratio  between  the  energy 
supplied  to  a  machine  and  the  useful  work  rendered  by  the  machine  in 
return.  The  duty  of  the  human  machine  is  less  easily  determined  than 
is  that  of  the  steam-engine.  The  track  laborer  probably  assimilates 
daily  more  foot-pounds  of  energy,  in  the  shape  of  beef  and  potatoes, 
than  does  the  president  of  the  road.  Means  might  be  found  for  esti- 
mating the  work  obtained  from  the  machine  we  call  the  laborer,  but 
who  shall  estimate,  in  foot-pounds,  the  work  done  by  the  machine  we 
call  the  president,  and  who  shall  say  how  much  of  this  is  useful  to  "  the 
public"? 

And  who  shall  estimate  the  negative  or  prejudicial  work  done  by 
either  of  these  two  machines?  The  laborer,  actuated  perhaps  by  a 
laudable  desire  to  conserve  his  store  of  potential  energy,  slights  his 
work  on  the  track,  and  a  train  is  wrecked;  or  his  fellow-machine,  the 
president,  actuated  by  a  similar  motive,  wheedles  or  bribes  the  direc- 
tors and  terrorizes  the  engineer,  and  so  causes  the  adoption  of  a  bad 
line,  favorable  to  his  individual  interests,  in  place  of  a  better  one,  to 
the  perpetual  cost  of  his  road  and  of  the  public. 

Then  there  is  an  important  class  of  cases  well  typified  by  the  trigger 
of  a  gun,  or  by  the  key  controlling  the  electric  current  which  explodes  a 
charge  of  dynamite,  where  the  expenditure  of  a  very  small  amount  of 
energy,  sufficient  to  depress  the  key  or  to  pull  the  trigger,  renders 
kinetic  a  large  amount  of  potential  or  stored  energy.  For  instance,  in 
the  case  of  a  public  speaker  or  writer,  a  few  foot-pounds  of  energy,  in 
the  form  of  a  beef-steak,  may  set  in  commotion  a  vast  community,  and 
liberate  forces  whose  effects  shall  go  thundering  down  the  ages. 

Human  machines,  like  others,  differ  in  their  provision  for  obtaining 
high  duty.  In  some,  indeed,  the  high-duty  attachment  is  lacking,  and 
full  pressure  is  carried  throughout  the  stroke.  In  such  cases  we  have 
perhaps  a  large  output  of  work  in  a  short  time, — t.  e.,  a  high  power,  but 
a  small  total  output  of  work,  and  at  a  relatively  large  expense  of  stored 
energy;  and  hence  a  low  duty. 

The  development  of  high  duty  is  a  most  important  branch  of  me- 
chanics ;  and  we  may  hope  that,  when  something  like  an  equal  amount 
of  attention  is  paid  to  the  economy  of  the  human  machine,  similarly 
beneficial  results  may  be  obtained. 
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Our  subject  is  complicated  by  the  fact  that  the  human  machine  is  its 
own  engineer,  and  so  is  charged  not  only  with  its  own  protection,  but 
also  with  the  task  of  securing  its  own  supply  of  fuel  and  of  obtaining 
from  itself  a  high  duty.  By  striving  for  an  unattainably  high  duty,  the 
engineer  may  so  cripple  the  machine  as  to  impair  its  future  efficiency; 
for  the  public  displays  an  alarming  willingness  to  take  its  machines  at 
the  word  of  their  caretakers  and  to  grasp  from  them  as  high  a  duty  as 
they  show  any  disposition  to  give. 

To  perform  any  duty  to  the  public  we  must  survive;  and,  in  order  to 
survive,  we  must  more  or  less  nearly  fit  our  environment,  even  though 
that  environment  be  such  that  fitness  involves  a  higher  regard  for  our- 
selves than  for  the  public  we  seek  to  serve. 

Primitive  man  was  probably  actuated  solely  by  the  divine  law  of  self- 
preservation;  but  he  early  recognized  the  possibility  of  advancing  the 
interest  of  the  individual  by  subordinating  it  to  that  of  the  public.  The 
mass  of  mankind,  however,  has  always  lagged  in  coming  to  a  realizing 
sense  of  this  fact,  and  many  and  clumsy  have  been  the  expedients 
which  man  has  adopted  in  his  efforts  to  bring  his  fellow-man  to  that 
sense. 

The  history  of  civilization  is  the  history  of  the  more  or  less  intelligent 
efforts  of  man  to  adjust  the  relation  between  the  individual  and  the 
public.  These  efforts  have  resulted  not  only  in  frightful  abuses,  but 
also  in  a  vast  amount  of  service  rendered  by  the  public  to  the  individ- 
ual. As  Emerson  says:  "The  private  poor  man  hath  cities,  ships, 
canals,  bridges  built  for  him.  He  goes  to  the  post-office,  and  the  hu- 
man race  run  on  his  errands;  to  the  book-shop,  and  the  human  race 
read  and  write  of  all  that  happens,  for  him;  to  the  court-house,  and 
nations  repair  his  wrongs."  Truly,  while  we  may  not  say,  "Public, 
with  all  thy  faults  I  love  thee  still,"  we  must  at  least  say,  "  Public,  I 
owe  thee  a  duty." 

Man,  we  are  told,  is  inherently  wicked.  And  yet,  give  him  half  a 
chance  and  he  is  not  such  a  bad  fellow.  Most  of  his  offenses  against  the 
decalogue  and  against  its  modern  amplifications  are  the  protest  of  his 
nature  against  the  clumsy  attempts  of  the  public  to  adjust  his  relations, 
attempts  in  which  the  public  has  often  needlessly  interfered  with  his 
natural  tendency  to  follow  the  divine  law  of  self-preservation.  It  is 
not  the  morals  of  man  that  are  at  fault,  but  his  intelligence.  A  cry  of 
fire  in  a  theater  awakens  the  enthusiastic  obedience  of  an  audience  to 
the  law  of  self-preservation,  and  its  members  tear  and  trample  each 
other  in  their  blind  efforts  to  follow  that  law.     Yet  remove  that  urgent 
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distress,  and  those  same  people  will  sit  peaceably  side  by  side.  Now, 
society,  in  spite  of  ages  of  advancement  and  enormous  progress  toward 
organization,  still  remains  in  a  state  of  panic  as  regards  provision  of  the 
necessities  of  life.  To  the  great  majority  of  mankind  life  is,  at  it  has 
ever  been,  a  fierce  struggle  for  the  means  of  existence,  with  a  constant 
dread  of  being  overcome  in  the  struggle.  Under  these  circumstances, 
the  wonder  is  that  man  is  as  good  as  he  is. 

And  on  every  hand  the  toiler  sees  those  most  prospering  who  ruth- 
lessly disregard  the  public  good  and  seek  only  their  own.  The  ambi- 
tious warrior,  the  unscrupulous  financier,  and  the  crafty  politician  reap 
the  substantial  prizes  in  the  game ;  while  the  faithful  teacher  of  infancy, 
than  whom  no  one  deserves  higher  rewards  at  the  hands  of  society,  may 
be  thankful  for  a  bare  subsistence ;  and  engineers  need  not  be  reminded 
that,  after  a  lifetime  of  patient  toil  in  the  public  service,  they  will  be 
fortunate  if,  in  closing  their  eyes,  they  can  say  that  they  owe  nothing. 
Taking  the  public  at  its  word,  as  we  read  that  word,  not  in  printed 
books,  but  in  life,  we  should  find  our  duty  written:  "Buy  cheap — sell 
dear." 

In  olden  times  society  awarded  her  prizes  to  the  physically  able. 
He  who  could  most  successfully  rob  his  neighbor  by  brute  force  was  the 
best  fellow,  and  of  course  got  away  with  the  spoils.  To-day  we  forbid 
such  methods  to  the  individual  and  laud  them  onlyin  nations,  or  rather 
only  in  our  own  nation,  whether  that  be  the  British  or  the  American. 
The  high  individual  prizes  now  go  to  those  who  combine  shrewdness 
and  unscrupulousness.  When  society  so  contrives  that  her  prizes  are 
proportional  to  the  service  rendered  her,  our  children  will  wonder  what 
we  meant  by  the  inborn  depravity  of  man. 

More  than  ten  years  ago  Bellamy  popularized  a  thought  which  had 
long  been  cherished  by  scholars,  and  preached  by  them  to  their  limited 
audiences.  Looking  backward  a  few  centuries,  he  saw  the  mass  of 
mankind  practically  savage  and  disorganized;  but,  coming  nearer  to 
his  own  time,  he  saw  on  all  sides  increasing  evidences  of  a  tendency 
toward  organization.  With  true  engineering  instinct,  he  sought  the 
equation  of  the  curve;  and,  having,  as  he  believed,  found  it,  he  pro- 
claimed that  the  combination  of  business  interests  would  proceed,  in 
geometrical  progression,  until,  during  the  present  century,  all  such  in- 
terests would  be  merged  in  the  hands  of  a  coterie  of  men,  who  would 
practically  own,  not  only  the  earth  and  the  fullness,  but  also  the  inhabi- 
tants thereof — until  some  fine  morning  these  inhabitants,  awaking  to 
their  condition,  would  serve  notice  upon  their  owners  that  they  would 
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be  allowed  to  remain,  on  salary,  in  charge  of  the  conduct  of  affairs, 
which,  however,  should  thereafter  be  conducted  in  the  public,  not  in  the 
private,  interest. 

Of  course,  the  Philistines  "laughed  enormous  laughter  and  they 
groaned  enormous  groans." 

"  Said  one :  '  This  is  chimerical !  Utopian !  absurd ! ' 
Said  another :  '  What  a  stupid  life !  Too  dull,  upon  my  word  I ' 
Cried  all :  '  Before  such  things  can  come,  you  idiotic  child, 
You  must  alter  human  nature!' — and  they  all  sat  back  and  smiled." 

To-day,  were  Bellamy  alive,  he  himself  might  well  stand  aghast 
before  the  rapid  development  of  his  curve.  Startled,  at  breakfast,  by 
the  news  of  some  great  aggregation  of  capital,  we  read  in  the  evening 
papers  that  it,  along  with  a  dozen  others,  has  been  merged  into  a 
greater,  which,  in  turn,  goes  into  another  merger  while  we  sleep  it  over. 
I  recently  asked  a  gentleman  connected  with  one  of  our  large  corpora- 
tions whether  he  could  tell  me  just  who  were  his  owners  or  proprietors 
at  that  time.  His  reply  was  to  the  effect  that  he  was  blessed  if  he  knew. 
An  advertising  agent  recently  wrote  me,  respecting  a  matter  which  in- 
volved a  canvass  for  advertisements:  "We  ought  to  start  as  early  as 
possible,  as  every  day  large  firms  are  combining  or  going  into  trusts, 
and  then  feeling  that  they  do  not  require  any  advertising." 

The  new  era  is  advancing  upon  us  with  such  enormous  strides  that  it 
is  merely  rational  to  consider  what  the  public  will  be  under  its  pro- 
foundly modified  conditions,  and  what  will  be  our  duty  to  that  public, 
rather  than  to  spend  much  time  in  nice  examination  into  what  that 
duty  is  to-day,  seeing  that  to-day  will  so  soon  be  ancient  and  forgotten 
history. 

Consider  the  personnel  of  our  Club  to-day ;  compare  it  with  that  of 
twenty-five  years  ago,  and  note  how  large  a  proportion  of  our  members 
now  are  employees,  either  of  the  municipality  or  of  giant  corporations, 
the  like  of  which  were  not  dreamed  of  then,  and  which,  in  turn,  are  but 
puny  infants  compared  with  what  those  will  become  which  are  now 
moving  in  the  great  womb  of  the  community. 

In  the  new  dispensation,  the  employers  will  be  few,  and  of  these  few, 
engineers  need  not  hope  to  form  a  large  percentage;  for  nature  rarely 
combines  that  high  sense  of  rectitude,  so  essential  to  the  engineer,  with 
that  supreme  regard  for  No.  1  and  disregard  of  ail  lower  numbers,  with- 
out which  business  mastery  is  practically  unattainable.  What,  then, 
is  to  be  our  relation  to  this  coming  giant,  and  what  will  then  be  our 
duty  to  the  public? 
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In  the  first  place,  the  giant,  in  so  far  as  we  have  been  able  to  make 
his  acquaintance  (and  he  has  as  yet  scarcely  reached  the  nursing-bottle 
stage),  seems  to  be  less  rapacious  than  we  should  have  been  justified 
in  fearing.  At  least,  the  average  employee  of  the  great  corporation  of 
to-day  certainly  fares  better  than  his  brother  who,  fifty  years  ago,  fell 
into  the  clutches  of  one  of  the  small-fry  producers  of  that  day,  and  in 
many  cases  we  hear  of  almost  princely  care  for  the  comfort  and  well- 
being  of  such  employees. 

Is  this  altruism?  Is  the  germ  of  a  soul  developing  in  the  corporation 
after  all?  I  believe  it  is;  but  I  believe  also  that  this  is  the  result,  not 
of  preaching,  but  of  evolution.  The  necessity  of  protection  against 
himself  drove  man,  in  spite  of  his  savage  tendencies,  to  suppress  self 
and  to  organize  society.  Out  of  this  necessity,  and  not  from  the  preach- 
ing of  abstract  morality,  mankind  has  grown  less  savage.  And  so  an 
enlightened  self-seeking,  and  not  unselfishness  or  brotherly  love,  on  the 
part  of  the  great  corporation,  is  leading  it  to  treat  its  slave  and  cus- 
tomer more  nearly  in  accordance  with  the  golden  rule. 

And  when  we  have  all  become  not  only  the  employees,  but  also  and 
at  the  same  time  the  customers,  of  the  great  combination,  will  it  not 
find  it  still  more  to  its  interest  to  conserve  our  welfare?  Or,  if  it  does 
not  do  so  of  its  own  accord,  will  not  the  opportunities  for  concerted 
defensive  action  on  our  part  be  greatly  increased  by  our  being  all  chat- 
tels of  one  institution?  And  will  not  our  position  be  strengthened  by 
the  fact  that,  as  there  is  but  one  employer,  so  also  there  is  but  one  body 
of  employees? 

The  private  firms  and  small  corporations  of  the  past  regime  quite 
commonly  indulged  in  all  manner  of  expedients  to  delay,  or  even  to 
avoid,  payment  of  just  and  acknowledged  obligations;  whereas  no  one, 
having  such  a  claim  against  one  of  our  great  modern  corporations,  gives 
himself  the  slightest  concern  about  it.  Payment  comes  in  due  course, 
as  surely  as  the  sun  rises,  for  the  corporation  finds  that  such  action  pays 
— that  the  profit  to  be  derived  from  worrying  its  creditors  will  not  pay 
the  cost  of  the  process.  Here  we  have  another  illustration  of  the  fact 
that  man,  after  all,  is  a  pretty  good  fellow.  While  all  business  was 
beset  with  pitfalls,  and  the  whole  operation  resembled  a  Donnybrook 
Fair,  the  conditions  were  such  as  to  develop,  and  to  render  hereditary, 
a  tendency  to  squeeze  and  fleece  our  fellow-men  by  every  possible 
method ;  but  the  great  corporation,  finding  an  assured  and  profitable 
business,  can  and  does  afford  to  rise  above  these  petty  resources  of  the 
old-time  business  man. 
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And  so,  it  would  seem,  is  being  brought  to  pass  the  saying  which  was 
written :  "  The  wrath  of  man  shall  praise  Thee."  What  all  the  preach- 
ing of  nineteen  centuries  and  all  the  blood  of  the  martyrs  could  not 
bring  about,  is  being  brought  about  by — man's  selfishness.  It  has  been 
well  said  that  the  undevout  astronomer  is  mad;  but  what  shall  we  say 
of  him  who  observes  this  masterpiece  of  the  divine  cunning  and  remains 
undevout?  Verily,  a  Machiavelli  or  a  ward  leader  may  well  remove  his 
hat  in  profound  respect  for  superior  art,  as  he  sees  the  great  Engineer  of 
the  Universe  thus  "  forging,  through  swart  arms  of  offense,  the  silver 
seat  of  innocence.,, 

Emerson  has  well  said  that  the  men  whom  we  regard  as  great — the 
Caesars,  the  Napoleons,  the  Shakespeares,  the  Wanamakers,  the  Mor- 
gans, the  Quays — are  simply  those  who  have  been  able  to  discern  the 
direction  of  the  human  current  of  their  day,  and  have  put  themselves 
in  line  with  it,  like  a  well-placed  pipe  or  culvert,  and  not  athwart  the 
stream. 

To-day  we  go  bungling  about,  with  but  imperfect  means  for  ascer- 
taining the  direction  of  the  current,  and  perhaps  still  less  perfect  facili- 
ties for  placing  ourselves  in  line  with  it  when  found,  owing  to  the 
equally  ill-directed  and  conflicting  efforts  of  our  fellow-pipes  to  do  the 
same  thing.  The  result  is  a  tangled  mass  of  pipelets,  thrown  together 
pell-mell,  a  vast  majority  of  them  more  or  less  nearly  square  across  the 
stream  and  getting  no  water  to  speak  of,  but  only  heaping  up  a  vast 
head  of  pressure,  which  sends  the  stream  in  millions  a  month  through 
the  Carnegie  and  a  few  other  pipes  which,  by  knack  or  by  luck,  have 
secured  both  large  and  smooth  bore  and  axial  location,  while  it  breaks 
and  starves  the  little  pipes  that  get  wedged  in  crosswise  between  the 
larger  ones. 

Fortunately,  the  very  existence  of  these  great  pipes,  in  axial  posi- 
tions, though  cruelly  hard  upon  those  that  get  crushed  in  the  shuffle, 
is  of  vast  service  to  the  mass  as  a  whole,  and  so,  eventually,  to  those 
small  pipes  that  succeed  in  surviving  the  process  of  adjustment;  for  the 
success  of  the  great  pipes  not  only  advertises  unmistakably  to  all  the 
direction  of  the  current,  but  renders  it  increasingly  difficult  to  get  into 
false  positions.  It  thus  facilitates  the  attainment  of  a  proper  adjust- 
ment, except  to  those  who,  from  belonging  to  a  past  order  of  things, 
find  themselves  hopelessly  anchored  fast  in  crosswise  positions. 

Under  the  coming  dispensation  our  "public"  will  be  simply  our 
fellow-employees  and  fellow-customers  of  the  great  combination,  and 
our  duty  toward  them  will  be  determined,  and  posted  up  for  our  infor- 
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mation,  by  our  masters  and  owners,  who  will  have  become  our  govern- 
ment and  our  God. 

For  some  years,  however,  we  shall  no  doubt  maintain  the  fictions  of  a 
"  public,"  of  public  business  and  of  public  officers.  What  of  the  duty 
of  these  public  officers  or  servants?  Manifestly  no  one  answer  can  be 
given  covering  all  such  cases;  for  in  the  large  majority  of  these  cases 
the  public  engineer  will  be,  as  he  is  to-day,  a  mere  subordinate  to  a  ser- 
vant in  higher  rank,  who  will  prescribe  his  duty  for  him;  but,  in  the 
official  lives  of  public  servants  of  the  higher  grades  there  must  arise 
daily  questionings  as  to  what  the  interest  of  the  public  demands,  not 
merely  as  to  technical  matters,  where  the  answer  will  depend  upon 
mental  processes,  but  as  to  questions  of  what  we  call  "  morals." 

Contrary  to  the  fond  imaginings  of  our  childhood,  the  business  and 
political  world  is  not  a  Kindergarten,  where  all  are  lovingly  co-operat- 
ing, with  an  eye  single  to  the  public  good;  but  a  menagerie,  where  a 
mob  of  imperfectly  civilized  animals  returns  daily  to  the  struggle  for 
existence,  and  where  the  trail  of  the  serpent  of  self-interest  is  over  it  all. 
Practically  all  have  harkened  to  the  still  small  voice  of  Society  as  she 
whispers  "  Look  out  for  No.  1,"  while  she  shouts  "Obey  the  law,"  and 
they  would  be  but  childish  and  would  deserve  the  consequences  if 
they  ignored  her  whispered  warning. 

How  does  his  duty  require  the  conscientious  public  engineer  to  con- 
duct himself?  Shall  he  plant  himself  squarely  amid-stream,  say  what 
he  thinks,  and  go  down  before  the  current,  or  shall  he  better  serve  his 
day  and  generation  by  being  at  least  some  things  to  some  men?  Shall 
he  set  his  arms  akimbo,  and  strive  for  an  unattainable  ideal,  refusing  to 
rest  satisfied  with  any  compromise,  or  shall  he  go  with  this  current  and 
with  that,  adjusting  his  shape  and  dimensions  to  this  and  to  that  ten- 
dency, hoping  thereby  the  more  surely  to  reach  his  goal — the  public 
good? 

For  instance,  a  government  engineer,  in  charge  of  the  harbor  work 
affecting  a  large  city,  plans  and  conducts  a  certain  line  of  improvement. 
The  Mayor  of  the  city,  a  man  without  special  training  in  harbor  improve- 
ment, but  of  demonstrated  ability  in  certain  lines,  and  quite  remarkable 
for  his  keen  scent  for  public  abuses,  enters  the  professional  field,  and 
announces  that  he  will  veto  any  appropriation  that  does  not  in  a  certain 
respect  reverse  the  engineer's  method  of  procedure.  Those  of  us  who, 
as  engineers,  know  something  of  our  limitations,  will  refrain  from  taking 
sides  upon  a  question  wherein  experts  differ;  but  his  Honor's  criticism 
appeals  to  what  the  newspapers  call  "  the  common  sense  of  the  public," 
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and  the  City  Councils  continually  and  with  loud  voice  proclaim  their 
absolute  subjugation  to  his  authority.  Evidently,  persistence,  on  the 
engineer's  part,  means  diminution  of  appropriations. 

Now,  what  is  the  engineer's  duty?  He  modestly  disclaims  author- 
ship of  the  remark  that  his  Honor  "  could  not  understand  the  elements 
of  harbor  improvement,  even  though  they  were  explained  to  him  in 
words  of  one  syllable,"  and  yet  he  must  know  that  the  remark  applies 
to  the  overwhelming  majority  which  he  finds  arrayed  against  him,  in- 
cluding the  newspapers,  whose  harbor  experts  naturally  side  with  "  the 
common  sense  of  the  public."  Shall  he  bow  to  the  ignorant  mob, 
recant  his  alleged  heresies,  and  thus  secure  city  and  state  appropria- 
tions for  the  work  he  has  at  heart,  or  shall  he  stand  to  what  he  believes 
to  be  technically  right,  and  so  deprive  the  work  of  those  appropriations? 

For  us  to  attempt  to  answer  this  question  for  the  engineer  would  be, 
if  possible,  even  more  foolhardy  than  for  us,  without  special  training, 
to  dictate  to  him  where  he  should  dump  his  dredged  material.  The 
engineer  must  wrestle  with  this  question  for  himself.  He  must  decide 
whether  the  public  interest  will  suffer  most  by  following  a  plan  which 
he  disapproves,  or  by  depriving  it  of  needed  means. 

Instinctively  we  applaud  the  man  who  stems  the  current,  even 
though  he  goes  down  before  it;  but  it  is  by  no  means  certain  that  we 
are  right  in  so  doing.  May  he  not  properly  wink  at  popular  prejudice 
and  ignorance,  and  apparently  travel  along  with  them  for  a  while,  if 
thereby  he  may  in  the  end  more  certainly  guide  matters  into  the 
proper  channel?  With  his  head  above  the  clouds,  may  he  not  plant 
his  feet  upon  the  earth? 

The  answer  must  depend,  not  only  upon  the  abstract  merits  of  each 
case,  but  largely  upon  the  man  himself  and  upon  his  organism.  Not 
every  man  has  the  moral  courage  to  take  the  one  course,  and  so  not 
every  man  has  the  dramatic  talent  to  follow  the  other.  Actors,  like 
some  other  professionals,  should  have  good  memories;  and  many  an 
engineer,  if  he  were  to  attempt  to  trim  his  sails  to  the  fickle  gusts  of 
public  and  political  favor,  hoping  thereby  to  bring  his  vessel  the  more 
safely  into  port,  would  assuredly  capsize  it  and  would  find  himself 
the  proper  laughing-stock  of  those  whom  he  strove  to  serve. 

But  for  every  man  there  is  a  duty  which  no  corporation  can  compel 
or  control  and  for  which  no  money  can  pay.  It  lies  within  the  power 
of  every  man,  whether  engineer  or  not,  to  be  of  greater  or  of  less  service 
to  his  day  and  generation;  to  contribute  more  or  less  to  the  general 
intelligence  and  enlightenment,  and  thus  to  do  more  or  less  to  bring 
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about  that  millennium  for  which  we  are  all  yearning.  He  may  do  this 
partly  perhaps  and  occasionally  by  precept,  always  and  chiefly  by  the 
life.  Precept  may  be  administered  from  time  to  time,  as  occasion  offers, 
but  is  seldom  accepted  and  still  more  seldom  followed.  The  example 
of  a  right  life  is  a  continuous  performance,  and  the  audience  is  always 
in  its  seats. 

Sordid  as  we  are,  we  are  not  wholly  so.  All  is  not  done  for  pay.  The 
young  engineer  who  ran  his  elevator  while  the  building  was  falling,  and 
whom  we  may  well  be  proud  to  claim  as  a  member  of  our  profession, 
knew  that  his  pay  did  not  depend  upon  his  saving  the  last  three  women 
who  still  remained  aloft. 

I  follow  the  example  of  a  good  friend  in  closing  with  a  quotation  from 
Ruskin: 

"  And  so  with  ail  other  brave  and  rightly  trained  men.  Their  work 
is  first,  their  fee  second — very  important  always,  but  still  second.  And 
with  some  people  just  as  certainly  the  fee  is  first  and  the  work  second, 
as  with  brave  people  the  work  is  first  and  the  fee  second.  And  this  is 
no  small  distinction.  It  is  the  whole  distinction  in  a  man;  distinction 
between  life  and  death  in  him,  between  Heaven  and  Hell  for  him.  You 
cannot  serve  two  masters;  you  must  serve  one  or  the  other.  If  your 
work  is  first  with  you,  and  your  fee  second,  work  is  your  master,  and 
the  Lord  of  Work,  who  is  God.  But  if  your  fee  is  first  with  you,  and 
your  work  second,  fee  is  your  master  and  the  Lord  of  Fee,  who  is  the 
Devil;  and  not  the  Devil,  but  the  lowest  of  devils,  the  ' least  erected 
fiend  that  fell.'  So  then  you  have  it  in  brief  term;  work  first,  you  are 
the  God's  servant;  fee  first,  you  are  the  fiend's.  And  it  makes  a  differ- 
ence now  and  ever,  believe  me,  whether  you  serve  Him  who  has  on  His 
vesture  and  thigh  written,  King  of  Kings,  and  whose  service  is  perfect 
freedom,  or  him  on  whose  vesture  and  thigh  the  name  is  written,  Slave 
of  Slaves,  and  whose  service  is  perfect  slavery." 


GENERAL  DISCUSSION. 

James  Christie. — By  following  the  advice  of  Polonius  to  his  son,  "  To  thine 
own  self  be  true,  thou  canst  not  then  be  false  to  any  man,"  the  duties  of  the  engi- 
neer to  his  clients  or  employers  are  disclosed  when  we  define  his  duty  to  himself 
and  to  his  profession. 

No  rules  can  be  formulated  exclusively  for  the  engineering  profession  but  that, 
in  a  general  sense,  would  apply  to  all  professions  and  trades  and  to  humanity  at 
large. 

In  the  case  of  the  legal  profession,  it  is  frequently  asserted  that  the  duty  of  the 
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attorney  is  to  stand  by  his  client,  right  or  wrong.  As  rigidly  interpreted  this 
would  imply  that  he  might  be  called  upon  to  defend  a  cause  that  could  not  be  jus- 
tified by  any  device  of  the  casuist. 

Enterprises  of  a  stock  jobbing  character  are  not  unknown,  where  an  appeal  is 
made  to  the  public  to  participate  in  an  investment,  built  up  on  a  slender  founda- 
tion of  facts,  buoyed  and  sustained  on  unstable  elements,  and  all  bearing  the 
indorsement  of  engineers  well  qualified  to  judge  of  the  merits  of  the  enterprise. 

Instances  of  this  kind  have  occurred  most  frequently  in  the  mining  industries, 
but  instances  of  the  same  character,  and  of  questionable  integrity,  have  not  been 
unknown  in  the  metallurgical  world.  It  is  quite  true  that  it  may  be  frequently 
difficult  to  decide  on  the  exact  merits  of  enterprises  of  the  kind  referred  to.  Quite 
often  the  result  can  only  be  known  after  much  labor  and  money  have  been  ex- 
pended, and  most  of  us,  according  to  the  old  adage,  "  try  to  believe  that  which  we 
wish  to  be  true." 

When,  however,  ordinary  investigation  proves  that  the  object  proposed  is  not 
sincere,  and  is  largely  intended  to  enrich  the  promoters  at  the  expense  of  the 
public,  then  no  engineer  is  justified  in  lending  his  name  to  the  imposition. 

I  desire  to.  make  a  few  observations  on  the  duties  of  the  engineer  inspector  to 
his  clients  or  employers.  It  frequently  happens  that  the  inspector  is  a  young 
man,  fresh  from  college,  possessing  a  good  book  education,  but  is  limited  in  his 
experience  of  workmen  and  materials.  He  probably  has  the  impression  that  in 
order  to  serve  his  employer  faithfully  and  be  worth  his  salary  he  must  be  constant 
and  insistent  in  his  criticisms.  His  fault-finding  habit  grows  upon  him,  until  he  is 
a  positive  obstruction  to  the  successful  prosecution  of  the  work  in  view.  I  can 
recall  many  instances  where  such  a  man,  with  the  very  best  intentions,  has  suc- 
ceeded in  making  himself  objectionable  to  the  contractor,  without  winning  the 
support  of  his  employer.  In  extreme  cases,  the  hypercritical  inspector  has  had 
to  be  removed  from  the  work,  in  order  to  permit  of  its  progress. 

On  the  other  hand,  the  observant  and  conscientious  man  will  point  out  faults 
when  good  cause  exists,  avoiding  interference  for  unimportant  trifles.  His  crit- 
icisms, when  analyzed,  prove  to  be  well  founded,  always  grasping  the  substance 
without  chasing  the  shadow.  This  man  gains  the  good-will  of  his  employer,  as 
well  as  of  the  contractor  and  his  employees,  and  success  is  bound  to  attend  his 
efforts. 

Wm.  Copeland  Furber. — I  want  to  say  a  word  regarding  the  relation  of  the 
engineer  to  the  contractor.  There  is  a  prevalent  belief  in  the  minds  of  many 
engineers  and  architects,  I  may  say,  and  particularly  among  the  young  ones,  that 
they  hold  by  divine  right  a  superior  position  in  all  respects  to  the  contractor;  that 
they  are  not  subject  to  the  same  laws  which  govern  the  contractor,  and  that  they 
are  the  law-givers  and  the  contractor  is  the  law-obeyer.  This  belief  leads  the 
engineer  or  the  architect  into  a  very  false  position,  often  a  very  arrogant  position, 
and  in  most  instances  into  a  very  wrong  position.  All  the  rights  the  engineer  has 
over  the  contractor  are  those  delegated  to  him  by  the  terms  of  the  contract. 

It  is  unfortunately  true  that  the  rank  and  file  of  contractors  in  many  lines  of 
work  in  the  past  have  frequently  risen  from  illiterate  workmen,  men  of  force  and 
aggressiveness,  but  with  little  acquaintance  with  scholarship;  and  this  condition, 
prevailing  so  generally,  and  the  engineer  or  the  architect  having,  or  having  pre- 
tense to,  education,  and  generally  occupying  a  socially  superior  position,  has 
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unconsciously  perhaps  led  to  the  growth  of  the  tradition  in  the  minds  of  engineers 
that  the  engineer  can  do  no  wrong,  and  that  his  interpretation  of  a  plan  or  specifi- 
cation is,  and  as  a  matter  of  fact  must  be,  right.  It  is  true  that  some  one  must  be 
in  charge  of  the  work,  whose  decision  should  be  final,  subject,  however,  to  appeal 
in  proof  of  error,  but  this  clause  usually  embodied  in  the  specification  and  con- 
tract is  interpreted  by  some  men  in  charge  of  work  to  mean  that  their  decision  is 
right  even  if  in  violation  of  the  specification. 

The  fact  also  that  contractors  have  been  in  many  instances  men  of  but  little 
sense  of  responsibility  and  honor,  and  ready  to  take  advantage  of  every  quibble, 
has  led  to  the  tightening  of  the  contract  and  in  many  instances  to  an  enforced 
waiving  on  the  part  of  the  contractor  of  his  common  rights.  However,  this  is  a 
temporary  condition,  and  when  the  business,  social,  and  scholarly  standing  of  the 
contractor  improves,  as  it  will  by  the  advent  of  younger  men  of  superior  educa- 
tion, the  engineer  must  give  way  to  a  full  recognition  of  his  right*. 

The  relation  of  the  engineer  to  his  drawings  and  specifications,  and  to  the 
client  and  the  contractor,  is  a  delicate  one  and  a  very  difficult  one,  and  unless  he 
is  constantly  on  his  guard,  he  may  unwittingly  do  wrong,  and  injustice  may  be 
done  to  one  of  the  parties  concerned.  Therefore  the  temperament  of  the  engineer 
must  be  a  judicial  one. 

It  is  a  curious  position,  and  contrary  to  all  principles  of  judicial  procedure,  that 
the  drawer  of  an  instrument  should  also  be  its  interpreter,  and  that  his  interpre- 
tation should  be  without  appeal.  For  while  it  is  true  that  a  man  may  know  best 
what  he  meant  to  say  by  his  own  words,  yet  the  writing  loses  this  personal  quality 
when  it  becomes  the  medium  of  contract.  Words  have  a  specific  value  to  the 
scholar  and  a  general  value  to  the  layman,  and  a  wide  difference  may  exist  be- 
tween the  two  values.  The  aim,  therefore,  in  writing  a  specification  should  be 
to  avoid  the  use  of  words  or  manner  of  using  words  from  which  two  interpreta- 
tions can  be  fairly  drawn. 

It  is  not  an  unheard-of  custom  of  some  men  to  draw  a  specification  in  such  a 
vague  way  that  the  contractor  is  misled  in  bidding;  and  a  subsequent  perform- 
ance wholly  beyond  the  usual  is  exacted.  It  requires  no  extended  argument  to 
prove  this  method  peculiarly  dishonest. 

The  drawings  and  the  specification  should  be  so  drawn  that  every  thing  which 
is  to  be  done  or  called  for  is  fully  set  forth  in  as  simple  a  manner  as  possible.  Some 
architects  claim  that  if  the  drawings  are  complete  to  the  details  the  bids  run  high; 
and  while  this  may  be  true  with  ignorant  bidders,  yet  a  determination  on  the  part 
of  the  designers  not  to  practise  evasion  in  this  respect  would  soon  establish  a 
standard,  and  competition  would  soon  correct  high  bidding.  This  method  of 
evasion,  however,  has  the  opposite  effect  of  raising  the  level  of  all  bids  eventually 
by  a  sum  sufficient  to  cover  the  uncertainties.  The  man  to  whom  the  position 
of  arbiter  is  given  by  the  contract  should  remember  that  his  decisions  are  binding 
upon  the  contractor  and  the  owner  only  just  so  long  as  they  are  fair;  the  moment 
his  decision  is  dishonest,  the  principles  of  equity  relieve  both  parties  to  the  con- 
tract, and  the  arbiter's  award  is  thrown  aside. 

The  engineer's  position  must  be  an  impartial  one,  and  he  should  know  neither 
fear  nor  favor;  he  has  no  right  to  give  the  contractors  that  which  the  owner  will 
pay  for,  neither  has  he  the  right  to  give  the  owner  anything  which  belongs  to  the 
contractor.     If  he  fails  in  any  degree  to  fulfil  the  trust  reposed  in  him  to  the  utter- 
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most  extent,  he  causes  injustice  to  one  or  both  parties,  and  perhaps  to  both.  He 
injures  his  own  character,  and  finally  lessens  the  respect  in  which  the  engineer 
should  be  held,  and  thereby  brings  injury  and  distrust  upon  men  in  the  same 
calling  whose  aims  and  practice  may  be  on  the  highest  plane  of  fair  dealing. 

A.  Falkbnau. — The  relation  of  the  engineer  to  the  lawyer  has  various  aspects. 
Judging  from  my  own  experience  in  the  past,  having  a  number  of  times  been 
called  as  expert  witness,  I  would  reverse  the  dictum  of  the  prominent  British 
barrister  who  stated  that  the  most  trying  witness  is  the  engineer.  Of  all  the  pro- 
fessional men  I  have  come  in  contact  with,  when  dealing  with  engineering  sub- 
jects the  lawyers  are  the  most  unreasonable  and  thoughtlessly  stubborn.  They 
seem  to  believe  that  the  same  method  of  contradiction  and  browbeating  which 
they  apply  to  questions  of  mere  memory  is  applicable  to  matters  depending  upon 
well-known  physical  laws.  Unfortunately,  there  are  some  engineers — but  they 
are  very  few — who  will  dishonor  the  profession  and  stultify  themselves  in  the 
attempt  to  serve  the  side  which  calls  them.  When  an  engineer  is  asked  to  testify 
professionally  in  a  case,  a  serious  duty  lies  before  him,  and  it  appears  to  me  that 
there  is  but  one  way  for  him  to  proceed ;  if  upon  investigation  he  finds  he  cannot 
give  support  to  the  side  for  which  he  is  called  to  testify,  he  should  frankly  say  so 
and  decline  to  serve.  Even  when  the  engineer  feels  himself  upon  perfectly  solid 
ground,  in  testifying  he  has  a  difficult  task  to  so  express  himself  as  to  make  him- 
self understood  by  judge,  lawyer,  and  jury.  One  great  difficulty  with  lawyers  in 
general  is  their  entire  lack  of  training  in  the  science  of  physics,  and  relying  upon 
an  equal  ignorance  on  the  part  of  the  jury,  they  believe  they  have  an  easy  task  to 
demolish  any  apparent  conclusion  by  their  cross-questioning.  As  an  illustration 
of  this,  I  would  cite  a  case  in  which  I  was  called  as  expert  for  the  owners  of  a  mine 
in  which  a  man  was  killed  while  riding  in  a  bucket  down  a  shaft.  It  had  been 
shown  that  the  engineer  had  lost  control  of  the  brake  of  the  hoisting  drum,  due  to 
a  half-inch  rod  breaking,  which  connected  the  hand  lever  with  some  other  levers 
in  the  brake  mechanism.  The  attorney  for  the  opposing  side  put  the  question, 
"  Would  you  trust  yourself  in  a  bucket  weighing  several  thousand  pounds  held  by 
a  half-inch  rod  ?  "  I  stated  that  I  could  not  answer  the  question  in  that  form,  but 
the  attorney  insisted  again  that  I  must  answer  yes  or  no  to  the  question.  Upon 
my  continued  refusal,  he  requested  the  court  to  demand  an  answer.  The  court, 
however,  permitted  me  to  explain  that  to  answer  the  question  it  would  be  neces- 
sary first  to  know  just  what  position  the  half-inch  rod  occupied  in  the  entire  me- 
chanism, as  the  leverages  could  be  so  arranged  that  a  child  could  control  the  brake 
by  holding  a  thread.  The  court  supported  my  position,  and  the  attorney,  whom 
I  personally  knew  well,  dismissed  me  in  disgust,  but  still  failed  to  understand  the 
point.  He  later  on  said  to  me  that  we  engineers  are  the  most  unreasonable  and 
obstreperous  witnesses  the  lawyers  have  to  deal  with,  as  we  will  not  answer  the 
simplest  questions  such  as  he  had  put  to  me.  I  answered  that  the  adage  that  a 
fool  can  ask  more  questions  in  five  minutes  than  a  wise  man  can  answer  in  ten 
years  was  one  that  lawyers  might  well  consider  in  dealing  with  engineers.  The 
truth  is  that  lawyers  are  out  of  their  proper  sphere  when  they  deal  with  the  ques- 
tions of  engineering.  There  is  no  doubt  that  in  the  legal  field  there  is  need  for 
some  other  method  of  settling  questions  of  engineering  science  than  by  the  argu- 
ment of  lawyers  and  conclusions  of  a  still  more  ignorant  jury.  Questions  of  this 
nature  might  be  referred  to  a  board  of  reputable  engineers.     I  believe  that  this 
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has  been  done  in  a  few  instances.  If  this  were  more  frequently  the  case,  it  would 
open  a  good  field  in  which  the  abilities  of  the  engineer  could  be  brought  into  play. 
The  suggestion  of  the  first  speaker,  Professor  Marburg,  that  the  education  of 
the  engineer  should  be  broader,  that  he  should  not  seek  merely  technical  educa- 
tion, is  well  worth  consideration.  The  engineer  ought  to  seek  as  broad  an  educa- 
tion as  possible,  for  no  matter  what  branch  of  engineering  he  may  enter,  it  brings 
him  in  contact  with  fields  which  lie  outside  of  engineering  proper.  Thus,  the 
business  field,  for  instance,  of  the  financial  sjde  of  engineering,  the  average  engi- 
neer has  little  conception  of.  I  am  reminded  of  Professor  Coleman  Sellers'  state- 
ment of  what  a  true  engineer  is.  He  said  that  the  average  engineer  thought  it 
was  the  most  thorough  and  scientific  accomplishment  of  the  work  necessary  to 
solve  a  given  problem.  At  first  sight  this  would  seem  a  complete  definition.  He 
added,  however,  "  Give  me  plenty  of  time  and  plenty  of  money  and  I  will  solve 
almost  any  engineering  problem.  True  engineering  requires  the  accomplish- 
ment of  the  end  in  view  within  reasonable  financial  limits."  This  proper  balance 
between  the  financial  and  purely  scientific  side  of  engineering  work  is  a  most  im- 
portant point  for  the  young  engineer  to  consider  as  he  goes  out  into  life.  I  believe 
that  some  engineering  schools  are  now  introducing  courses  dealing  with  economic 
questions,  such  as  cost,  the  history  of  trade,  relations  of  labor  and  capital,  etc. 
The  modern  great  combinations  would  seem  at  first  sight  to  relieve  the  engineer 
from  contact  with  business  or  financial  questions  still  more  than  in  the  past,  but  I 
believe  that  the  subdivision  of  labor  will  be  on  a  broader  basis  than  heretofore, 
and  certain  business  and  financial  questions  will  have  to  be  settled  in  every  de- 
partment, instead  of  by  the  heads  of  the  establishment  as  heretofore. 

It  is  certainly  much  to  be  desired  that  the  standard  set  by  the  second  speaker 
in  dealing  with  the  relation  of  the  supervising  engineer  to  the  contractor  should 
be  adopted  more  generally.  It  is  unfortunately  the  rule  to  consider  more  the 
limits  of  legal  obligation  than  the  patent  moral  obligation  in  a  contract.  I  doubt 
whether  the  average  financial  man  who  controls  a  large  undertaking  would  side 
with  Mr.  Schermerhorn  in  the  view  that  it  ought  to  be  the  engineer's  duty  not 
only  to  see  to  the  execution  of  the  work  according  to  the  letter  of  the  contract, 
but  that  he  should  guard  the  contractor's  legitimate  interests  under  it.  On  the 
•contrary,  as  a  rule  the  engineer  is  expected  to  interpret,  where  possible,  every 
clause  to  the  disadvantage  of  the  contractor,  and  as  a  consequence  a  vast  amount 
of  injustice  is  done. 

A.  H.  Holcombe. — As  one  of  the  younger  engineers,  I  think  the  thought 
brought  out  by  Professor  Marburg  is  the  most  important  one — that  an  engineer 
Bhould  be  a  true  gentleman.  If  we  are  such,  I  am  sure  we  will  be  more  useful  to 
our  employers;  we  will  receive  better  service  from  our  employees;  we  will  be  of 
more  use  to  the  public,  and  we  will  raise  the  acknowledged  standard  of  our  pro- 
fession. As  Mr.  Birkinbine  has  said,  we  are  members  of  the  best  and  noblest 
profession.  If  this  is  so,  I  am  sure  we  should  all  recognize  our  duty  and  be  true 
gentlemen  in  the  broadest  sense.  Several  years  ago  I  saw  a  cartoon  published  in 
"  Life "  which  made  a  great  impression  on  me  and  which  carries  its  own  moral. 
The  scene  was  some  work  of  construction.  In  the  background  was  an  engineer, 
near  his  surveying  instrument,  jumping  up  and  down  and  berating  his  assistant, 
probably  for  some  dumbness  which  engineers  sometimes  cannot  understand  unless 
they  have  been  in  a  lowly  position.     In  the  foreground  was  an  elderly  man  visit- 
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ing  the  work  of  construction.  Near  him  was  a  laborer.  The  cartoon  was  headed 
"  What's  in  a  Name?  "  The  visitor  said  to  the  laborer :  "  Who  is  that  man  howl- 
ing and  cursing  at  everybody?"  The  laborer  said:  "Sure,  sir,  he's  the  civil 
engineer."     [Laughter.] 

Max  Livingston. — Speaking  about  the  necessity  of  educating  engineers,  I 
think  it  is  very  important  to  have  the  public  understand  what  the  engineer  has  to 
do.  The  trouble  is  that  a  number  of  men  in  very  high  positions,  having  worked 
themselves  up  from,  well,  I  might  say,  the  pick  and  shovel,  look  down  on  the 
trained  civil  and  mechanical  engineers  as  a  certain  political  element  looks  down 
upon  the  "literary  fellers."  An  instance  of  this  kind  came  to  my  notice  within 
the  last  few  months.  A  friend  of  mine,  whom  I  thought  rather  deficient  in  mathe- 
matics, who  yet  wanted  to  be  a  civil  engineer,  asked  me  whether  I  could  not  help 
him  to  secure  a  position  after  he  had  finished  his  course  at  the  University.  I  told 
him  he  should  first  try  to  get  through  and  afterward  I  would  see  what  could  be 
done  for  him.  About  that  time  I  met  an  acquaintance  holding  a  very  high  posi- 
tion in  an  engineering  establishment,  and  I  mentioned  this  young  man  and  his 
possible  shortcomings.  To  my  utter  astonishment  the  man  said :  "  What  differ- 
ence does  that  make?  I  can  hire  the  best  mathematicians  at  two-fifty  a  day." 
Well,  I  felt  inclined  not  to  encourage  my  young  friend  in  prosecuting  his  studies, 
as  the  outlook  did  not  seem  very  promising.  Another  thing;  some  gentleman,  I 
think  it  was  Professor  Marburg,  spoke  about  the  attainments  and  achievements  of 
engineers  as  compared  with  other  professions.  The  difficulty,  I  think,  lies  in  the 
fact  that  with  engineers  two  and  two  are  four,  while  with  many  of  the  other  pro- 
fessions two  and  two  are  often  five.  That  is,  the  public  cannot  see  when  these 
other  men  make  mistakes,  as  they  can  be  hushed  up  and  remain  secrets  forever, 
whereas  errors  of  the  engineering  profession  cannot  escape  public  criticism,  for  if 
a  bridge  should  fall,  a  dam  break,  or  the  foundations  of  a  house  give  way,  the 
whole  world  finds  it  out  and  is  only  too  ready  to  condemn  the  engineer. 
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THE  PRACTICAL  BUILDING  OF  LOWLAND  PROTECTIONS.* 

PERCY   H.    WILSON. 
Read  September  tl,  1901. 

Bordering  the  tidal  rivers  in  various  parts  of  our  country,  and  ex- 
posed only  at  low  water,  are  many  million  acres  of  marsh-land,  covered 
at  high  tide  by  water,  and  growing  aquatic  plants  and  a  variety  of 
reeds.  The  land,  when  reclaimed  through  the  building  of  banks  to 
exclude  the  tide,  makes,  without  exception,  the  most  valuable  on  the 
farm;  three  crops  per  year  being  the  average,  and  this  without  artifi- 
cial means  used  by  farmers  to  force  their  crops. 

The  building  and  maintenance  of  these  banks,  or  lowland  protec- 
tions, have  become  a  most  important  consideration  for  the  farmer,  and, 
naturally,  there  have  come  into  use  many  methods  of  accomplishing 
the  result.  Mud,  usually  the  most  convenient  material,  forms  an  im- 
portant detail  in  all  these  methods,  many  revetments  being  built  of 
that  alone.  There  are  cases,  however,  where  mud  will  not  stand  alone, 
and  three  general  methods  of  protection  are  mainly  used,  viz.:  (1) 
Stone,  without  cement,  laid  as  riprap;  (2)  Timber  work;  (3)  Stone 
with  cement,  or  concrete. 

It  is  my  purpose  to  give  a  description  of  the  practical  building  of 
banks  with  their  protections,  accompanied  by  sketches  showing  de- 
tailed plans  of  representative  constructions  in  each  class,  noting  briefly 
the  difficulties  encountered  in  each  form  of  construction,  and  the  ad- 
vantages and  disadvantages  of  each. 

Mud  Revetments. 
History. — The  first  people  to  develop  the  building  of  large  systems  of 
mud  revetments  were  the  Dutch,  and  they,  from  necessity,  are  at  pres- 
ent probably  the  most  experienced,  although  we,  with  our  great  ex- 
panse of  lowlands  bordering  on  the  Mississippi,  are  not  far  behind  them 


♦This  paper  is  an  abstract  from  a  thesis  presented  to  the  Civil  Engineering 
Department  of  the  University  of  Pennsylvania  for  the  degree  of  C.  E. 
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either  in  experience  or  skill.  On  our  own  river  (the  Delaware)  we  have 
much  meadow-land  exposed  to  tidal  action,  and  our  engineers  have 
become  quite  expert  in  the  handling  of  the  problems  of  protection. 

Past  and  Present  Methods  of  Building. — Originally  all  the  banks  were 
built  entirely  by  hand,  the  men  working  on  the  marsh  at  low  water  only. 
The  site  of  the  bank  was  selected  well  back  from  the  water-way,  leaving 
fifty  or  a  hundred  feet  "berm."  Then  a  ditch  was  laid  off  back  of  the 
site  of  the  bank  and  dug,  the  material  being  cast  up  on  the  river  side  of 
the  ditch  forming  the  bank  (Fig.  1).  Thus  with  one  handling  of 
material  the  bank  was  built,  and  a  drainage  ditch  back  of  the  bank  dug; 
a  thing  in  those  days  considered  as  important  as  the  bank  itself.  The 
finished  product  is  well  shown  by  the  sketch,  including  the  almost  uni- 
versal accompaniment  to  this  form  of  bank,  the  muskrat  hole. 

These  old  "  mud  men,"  as  they  were  called,  were  heroic  workers,  and 
deserve  their  meed  of  praise.  They  are,  with  the  possible  exception  of 
ship  carpenters,  the  crankiest  set  of  men  I  have  ever  known.     But 


Fig.  1.— Common  Type  op  Hand-madk  Bank. 

what  work  they  did !  Ten  hours  a  day,  with  a  half  hour's  rest  at  noon, 
they  stood  waist  deep  in  mud  and  water,  casting  up  neatly  cut  squares 
of  mud,  often  at  least  a  distance  of  ten  feet.  Several  years  ago  a  num- 
ber of  these  squares  were  weighed,  and  they  averaged  one  hundred 
pounds  each,  their  weight  not  varying  ten  pounds.  A  skilled  man 
handles  from  ten  to  twelve  yards  of  mud  per  day. 

It  has  gradually  come  to  be  recognized  that  the  "backing"  or  "foot- 
ing" ditch,  as  it  is  called,  is  not  only  a  disadvantage  to  a  bank,  but  a 
detriment.  A  musk-rat  will  not  dig  his  hole  unless  he  can  find  water  at 
both  ends  of  it,  and  filling  up  the  "footing"  ditches  has  greatly  de- 
creased the  nuisance.  Many  banks  are  gutted  by  these  animals,  being 
dangerous  to  walk  on  in  places,  wash-outs  occurring  frequently,  and 
where  not  immediately  attended  to,  widening  into  breaches. 

Out  of  these  various  troubles  has  come  the  modern  way  of  building 
a  bank — viz.,  by  the  help  of  the  dredging  machine. 
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Details  of  Construction. — The  majority  of  meadows  which  are  of  any 
account  have  these  hand-made  banks,  and  at  present  the  principal 
work  is  to  top  them  up  and  stop  the  breaches.  A  dredge  is  taken  to 
within  about  fifteen  feet  of  the  foot  of  the  old  bank  and  material  cast 
over  behind  it,  raising  and  broadening  it  and  also  filling  in  the  "  footing" 
ditch  (Fig.  2).  This  material  is  put  on  by  instalments,  time  being 
allowed  between  each  for  the  material  to  dry  out.  The  first  time,  only 
enough  material  is  taken  out  to  allow  the  machine  to  work  four  or  five 
hours  on  each  tide ;  the  next  time,  as  much  mud  is  put  on  as  will  stand, 
without  too  much  slipping;  and  the  third  time,  only  enough  to  piece 
out  the  bank  to  the  required  dimensions.  Where  the  mud  slips  so  badly 
that  all  control  is  lost,  a  light  bank  is  sometimes  erected  at  the  back, 
about  where  the  proposed  slope  strikes  the  meadow.  This  helps  pile  up 
and  prevents  much  loss  of  material. 
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It  requires  great  skill  and  years  of  experience  to  say  just  how  much 
material  a  bank  will  stand,  and  it  very  often  occurs  that  too  much  is 
piled  in  one  place,  and  either  the  bank  or  the  contractor  (usually  both) 
suffers  in  consequence.  In  building  the  bank  the  following  problems 
must  be  solved : 

1.  To  economically  operate  the  dredge,  enough  material  must  be 
excavated  to  allow  it  to  work  at  least  five  hours  on  each  tide. 

2.  This  material  must  be  so  placed  as  to  prevent  too  much  loss. 

3.  The  weight  of  the  material  must  be  so  distributed  as  to  prevent 
caving  of  the  old  bank. 

These  three  conditions  are  sometimes  extremely  difficult  to  harmon- 
ize, and  one  is,  at  times,  sacrificed  to  the  other.  When  impossible  to 
reconcile  cases  1  and  2,  a  compromise  is  effected.     Case  3  is  never  corn- 
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promised.  When  the  weight  of  the  deposited  material  becomes  greater 
than  the  bearing  power  of  the  bank,  it  is  the  result  of  a  mistake,  ignor- 
ance, or  want  of  judgment;  all  equally  disastrous.  There  are  three 
general  methods  in  which  these  slips  occur,  viz. : 

1.  The  material  caving  from  the  center  of  the  old  bank  and  sliding 
into  the  cut  (Fig.  3) :  This  is  due  either  to  the  undermining  of  the  bank 
(i.  e.,  digging  too  close  or  too  deep  in  front)  or  the  weight  of  material 
placed  upon  it.  These  slides  are  most  difficult  to  guard  against,  as  they 
rarely  occur  while  the  machine  is  actually  in  operation.  The  mud  is 
thrown  upon  the  bank  at  or  about  high  water,  and  the  bank  usually 
stands  while  it  has  this  pressure  to  hold  it.  When  the  tide  falls  and 
this  pressure  is  withdrawn,  the  bank  breaks.     When  such  a  slide  occurs, 
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the  place  is  left  for  a  time ;  then  material  is  placed  on  either  side  of 
the  broken  portion  and  it  is  carefully  built  up  by  hand,  a  slow  and 
tedious  process,  but  reasonably  sure.  Even  then  it  is  not  finished  at 
once,  but  first  built  above  high  water,  if  the  bottom  does  not  again  com- 
mence to  slip,  and  completed  when  the  first  material  has  become  set. 

2.  The  material  sliding  down  the  back  of  the  bank  and  out  into  the 
meadow  beyond  the  point  where  the  line  of  the  slope  hits  the  meadow 
(Fig.  3) :  This  in  no  way  endangers  the  bank,  but  is  of  great  expense  to 
the  contractor,  the  material  being  in  addition  to  that  provided  for  by 
the  specifications,  and  hence  not  paid  for.  When  these  slips  occur,  the 
dredge  has  to  make  one  more  trip  than  would  otherwise  be  necessary  to 
complete  the  work. 
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3.  The  meadow  is  at  times  so  soft  that  the  material  placed  upon  it 
settles  down  in  places  and  pushes  the  original  marsh  into  the  dredged 
cut.  This  form  of  failure  is,  of  all,  the  most  difficult  to  deal  with.  The 
only  way  such  material  can  be  handled  is  to  put  a  few  buckets  up  at  a 
time,  and  if  more  material  must  of  necessity  be  excavated  in  order  to 
economically  operate  the  dredge,  it  must  be  cast  upon  the  other  side  of 
the  cut  and  not  upon  the  site  of  the  bank.  At  times,  when  a  slide  of 
this  kind  occurs,  the  bottom  of  the  creek  will  rise  enough  to  ground  the 
dredge,  which  before  the  slip  had  ample  water  in  which  to  float. 

When  banks  are  first  built,  it  requires  great  skill  to  pile  up  the  mate- 
rial in  such  a  way  as  to  insure  its  not  slipping  back  into  the  cut.  The 
first  bucket  of  material  is  placed  nearest  the  line  of  the  cut,  the  bucket 
being  allowed  to  drop  hard  into  the  marsh ;  thus  part  of  the  new  mate- 
rial is  buried  in  the  marsh,  which  helps  to  keep  this  material  from  slip- 
ping (Fig.  4).  The  boom  of  the  dredge,  working  practically  in  an  arc  of 
a  circle,  places  each  succeeding  bucket  of  mud  further  around  and  back, 
until  the  limit  of  swing  is  reached,  where  as  much  material  is  placed  as 
will  stand.  When  the  dredge  moves  ahead,  the  first  bucket  goes  on  the 
same  line,  and  next  to  the  first  bucket  dug  on  the  preceding  move. 
The  latest  material  dug  is  the  most  slippery,  and  even  the  short  time 
elapsing  between  moves  suffices  for  the  one  bucket  placed  on  the  toe- 
line  of  the  bank  to  become  set,  thus  causing  the  material  to  slide  away 
from,  instead  of  toward,  the  cut.  In  very  soft  material  this  method  is 
sometimes  insufficient,  and  a  false  toe  is  placed,  such  as  a  log,  with  up- 
right strips  driven  into  the  mud  to  prevent  slipping.  A  small  pile  of 
stones  is  sometimes  used  in  the  same  way ;  at  times  a  mattress  of  brush, 
straw,  or  other  material  is  made  and  mud  deposited  on  top  of  it. 

Referring  to  figure  4,  the  three  letters  represent  the  three  moves  of 
the  dredge  and  the  corresponding  material  placed  on  the  bank  at  that 
move.  It  must  be  understood  that  only  the  first  seven  buckets  dug 
are  shown;  usually  about  fourteen  are  put  in  place,  the  other  seven  as 
near  to  the  position  of  bucket  No.  7  in  each  move  as  possible,  the  mate- 
rial pushing  back  at  this  point  to  the  foot  of  the  bank.  Nor  will  the 
material  remain  in  the  position  shown,  but  will  slide  and  mash  down 
until  it  reaches  the  probable  line  of  slide. 

When  all  the  material  is  placed  upon  the  bank,  it  should  be  carefully 
faced  and  leveled  on  top,  and  it  is  a  good  practice  to  level  the  back  face; 
the  slopes  most  generally  used  are  1 : 1  for  the  face  and  1 : 2  for  the  back, 
with  various  heights  and  widths  on  top.  This  leveling  is  shovel  work, 
and  should  be  commenced  about  three  days  after  the  material  is  cast 
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up  by  the  dredge;  this  time  suffices  to  allow  the  material  to  dry  enough 
to  give  the  men  good  footing  and  does  not  allow  the  material  to  become 
sun-baked  and  hard.  Again,  when  the  material  is  damp,  it  makes  a 
much  better  bond  with  that  next  it,  and  forms,  after  several  rains,  a 
good  hard  bank.  If  too  dry,  it  at  times  becomes  necessary  to  use  a 
pick,  thus  increasing  the  cost  of  leveling. 

The  best  practice  is  then  to  sow  the  bank  carefully  vnth  grass  seed 
and  to  cultivate  a  sod;  this  prevents  the  mud  from  washing  out  at 
times  of  rain  or  freshet,  or,  in  other  words,  forms  a  natural  protection 
for  the  bank. 

Another  common  practice  is  to  plant  willow  trees  along  the  foot  of  a 
bank,  that  their  roots  may  form  a  natural  protection  and  tend  to  hold 
the  bank  together.  The  advisability  of  this  practice  is  questionable. 
While  it  is  a  protection  to  a  certain  extent,  yet  washouts  occur  along 
the  roots  of  these  trees,  and  if  many  are  planted,  it  is  absolutely  impos- 
sible to  cut  out  and  repair  musk-rat  holes  or  washouts,  owing  to  the 
millions  of  roots  woven  and  interwoven  throughout  the  bank. 

The  Closing  of  Breaches. — A  breach  usually  occurs  in  the  weakest 
place  in  the  bank — viz.,  where  there  is  little  good  material  to  be  had 
and  the  bank  is  small,  or  where  the  material  of  which  the  bank  is  made 
is  thoroughly  unfitted  for  use,  and  these  very  conditions  operate  seri- 
ously against  the  stopping  of  them.  The  difficulty  can  be  easily  con- 
ceived when  two  hundred  acres,  more  or  less,  are  alternately  covered 
with  water  and  drained  each  change  of  tide.  This  water  flowing 
through  the  breach  produces  a  terrific  current,  which  does  not  often 
wear  the  breach  wide,  but  quite  deep  (usually  to  within  five  feet  of  the 
depth  of  the  river-bed  or  to  hard  bottom). 

These  breaches  must  practically  be  stopped  on  one  tide.  Usually 
work  is  started  just  before  low  water,  and  the  endeavor  ismade  to  keep 
the  bank  above  the  tide  as  it  rises.  If  the  tide  once  gets  over  the  bank, 
the  whole  of  your  mud  is  carried  in  on  the  meadow,  your  work  is 
thrown  away,  and,  as  a  rule,  the  breach  is  in  worse  condition  than  be- 
fore. Again,  you  have  wasted  all  the  material  put  into  it,  and  there 
usually  being  a  scarcity,  this  is  the  most  serious  loss.  Much  more 
material  is  required  in  a  breach  than  on  an  ordinary  bank,  because  the 
"green"  mud  must  stand,  on  one  tide,  the  whole  pressure  of  the  water. 

Very  few  breaches  can  be  closed  by  a  dredging  machine  alone.  Sev- 
eral methods  are  in  vogue  at  present,  and  experience  alone  can  dictate 
the  place  in  which  any  one  system  can  be  successfully  used.     In  many 
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breaches  several  methods  or  a  combination  are  tried  before  success  re- 
wards the  work.     The  four  methods  mostly  used  are : 

(1)  Sand-bags;  (2)  Stone;  (3)  Sheet  piling;  (4)  The  use  of  wrecks. 

1.  This  method  is  usually  very  successful.  The  bags,  weighing  from 
five  to  six  hundred  pounds  each  when  filled,  it  is  difficult  for  even  the 
strongest  tide  to  move  them  from  place,  and  the  sand,  being  confined, 
cannot  wash  away  piecemeal.  The  bags  are  piled  as  nearly  as  possible 
in  layers,  alternating  in  direction.  When  the  breach  is  once  stopped, 
these  bags  are  thoroughly  covered  with  dredged  material  to  avoid  any 
possible  escape  of  the  material  when  the  bags  decay. 

2.  Stone  is  very  successfully  used  in  smaller  breaches,  and  has  the 
advantage  of  being  quickly  and  easily  handled.  Two  good-sized 
parallel  walls  are  built  and  dredged  material  deposited  between  the 
two,  the  object  of  the  stone  being  to  keep  the  mud  from  slipping  out  at 
the  bottom  when  weight  is  placed  above.  This  is  not  successful  in 
large  breaches,  and  on  several  occasions,  upon  looking  for  an  unfinished 
wall  of  stone  after  the  worst  of  a  tide  was  past,  nothing  has  been  found, 
the  stone  having  been  picked  up  by  the  tide  and  distributed  over  the 
meadow. 

3.  Pile  work  is  least  efficient  of  any  method,  and  can  be  used  to  advan- 
tage only  on  the  smallest  breaches.  Sand-bags  and  stone  start  at  the 
bottom  and  build  up,  keeping  about  the  same  elevation  across  the  breach ; 
pile  work  starts  at  one  end  and  gradually  narrows  the  breach,  and,  the 
same  volume  of  water  trying  to  get  through  a  small  space,  the  end  piles 
are  undermined,  the  wood  construction  goes  out,  and  the  breach  is 
deeper  than  before.  Sometimes  the  water  simply  eats  its  way  under 
the  construction,  deepening  the  breach  and  washing  out  the  pile  work. 
These  modes  of  failure  are  absolutely  impossible  with  the  first  two 
methods,  while  the  third  method  rather  courts  than  avoids  them. 

4.  At  times  an  old  canal-boat  or  lighter  is  sunk  in  the  breach.  This 
is  a  very  effective  way  of  stopping  it,  as  the  lighter  when  filled  with 
mud  does  not  easily  move  from  one  place  to  another,  nor  does  the  mud 
wash  out,  being  confined  in  a  strong  wooden  structure  like  a  coffer-dam. 

At  times  breaches  become  of  such  dimensions  that  it  is  an  almost 
hopeless  task  to  start  with  one  of  the  above  methods.  It  often  occurs 
that  the  deepest  water  is  not  on  a  line  with  the  original  bank,  but  inside 
of  it,  caused  usually  by  use  of  material  in  efforts  to  stop  the  break  by 
horseshoeing  and  progressively  moving  the  material  further  back  on 
the  meadow  (Fig.  5).  The  sketch  shows  a  breach  at  first  of  rather 
small  dimensions,  becoming  progressively  larger  and  deeper  owing  to 
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mishandling.  In  such  a  case  the  heaviest  material  available  is  put  in 
scows,  towed  to  the  site  of  the  work,  and  dumped  in  and  around  the 
break  both  in  the  meadow  and  the  creek  outside  the  line  of  bank.  The 
endeavor  is  thus  made  to  form  a  new  bottom  of  hard  material  (coarse 
gravel  is  the  best,  sand  being  worthless) ;  when  this  is  accomplished, 
one  of  the  above  methods  is  resorted  to  and  the  breach  closed. 

It  is  rare  that  attempts  at  any  of  these  four  methods  are  made  on  a 
line  with  the  original  bank,  but  horseshoes  are  made,  the  inside  bank 
going  in  far  enough  to  avoid  the  rush  of  water  through  the  breach. 
This  is  the  surest  and  cheapest  way;  but  when  the  water  is  shut  off,  the 
original  bank  should  be  restored  and  the  horseshoe  bank  not  depended 
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Fig.  6. — The  Wearing  op  a  Bank  Due  to  High  Tides. 

upon.  Unfortunately,  this  is  very  rarely  done,  the  bank  managers 
usually  resting  on  their  laurels  as  soon  as  the  water  is  shut  off;  the  re- 
sult is  that  the  next  time  the  bank  fails,  you  have  to  go  further  back 
into  the  meadow,  thus  cutting  off  more  acreage  as  well  as  making  a 
greater  length  of  bank  to  care  for.  One  breach  near  Philadelphia  has 
seven  horseshoe  banks  built,  one  behind  the  other;  I  might  add,  the 
breach  is  not  stopped  yet.  The  only  way  possible  to  stop  this  breach  is 
to  furnish,  from  an  outside  source,  the  material  to  fill  the  hole  made  by 
successive  attempts  to  stop  the  breach.  This  material  could  easily  be 
scowed  in,  and  on  the  bottom  thus  formed  the  breach  could  be  stopped 
by  one  of  the  methods  above  mentioned. 

Failure. — If  the  face  of  a  bank  is  kept  in  good  condition  and  there  is 


Digitized  by  CjOOQIC 


258  Wilson — Practical  Building  of  Lowland  Protections. 

an  ample  slope  on  the  back,  failure  rarely  or  never  occurs.  The  musk- 
rat  holes  should  be  dug  out  at  least  once  a  year  and  the  hole  packed 
with  green  mud.  The  face  of  a  bank  yields  to  the  wearing  action  of  the 
tides  at  about  high-water  mark,  or  a  little  below,  a  hollow  being  formed, 
and  the  earth  above  falls  of  its  own  weight,  thus  lessening  the  width  on 
top  (Fig.  6).  The  greatest  wearing  action,  arising  from  the  water 
flowing  over  the  top  of  the  bank,  occurs  in  the  back,  and  causes  serious 
damage  only  when  the  back  slope  is  very  sharp;  then  the  fall  of  the 
water  washes  away  the  bottom  of  the  slope  and  wears  the  bank  through 
very  rapidly. 

The  tendency  of  a  musk-rat  hole  is  to  loosen  the  material  in  the  bank, 
and  it  is  a  well-known  fact  that  the  places  where  these  holes  abound 
wash  first. 

Selecting  the  Site  of  a  Bank. — Naturally,  in  selecting  a  site  the  land- 
owner wishes  as  much  land  inclosed  as  possible,  and  the  engineer  con- 
forms as  nearly  as  is  practicable  to  this  idea.  Again,  nearly  every 
farmer  wants  a  "straight  bank,"  i.  e.,  the  same  distance  back  from  the 
creek  throughout  the  entire  length.  This  is  a  mistaken  idea.  A  bank 
is  built  not  only  with  the  idea  of  shutting  off  the  water,  thus  permitting 
the  cultivation  of  the  land,  but  the  kind  of  a  bank  should  be  built  to 
insure  future  cheapness  in  maintenance ;  such  a  site  should  be  selected 
as  will  insure  the  future  stability  of  the  bank  (Fig.  7). 

A  creek  or  river  bends  in  and  out,  and  along  the  same  creek  many 
different  forms  of  bank  and  protection  should  rightfully  be  used.  In 
the  straight  reaches,  the  bank  should  be  about  fifteen  feet  back  from 
the  low-water  line,  and  will  probably  need  no  artificial  protection. 
This  applies  equally  well  to  the  bank  on  the  convex  side  of  the  creek. 
On  the  concave  side,  where  the  tide  runs  close  under  the  bank,  some 
marsh  should  be  left;  then  the  dredged  cut  made;  then  fifteen  feet  of 
marsh,  and,  finally,  the  bank.  This  leaves  enough  berm  to  protect  the 
bank  from  any  immediate  wear.  The  ends  of  the  dredged  cut  should 
be  shut  off  when  the  bank  is  completed,  in  order  to  prevent  the  tide  from 
flowing  through  the  cut,  and  thus  endangering  the  bank.  In  the 
straight  reaches  and  on  the  concave  side  of  turns  the  dredged  cut  fills 
very  rapidly,  a  cut  of  five  feet  depth  being  practically  obliterated  in  the 
course  of  five  years.  Even  the  distance  of  the  bank  back  from  the 
creek  above  mentioned  does  not  necessarily  insure  the  bank's  safety, 
and  usually  some  protection  must  be  added. 

Materials  of  Construction. — Before  leaving  this  subject,  it  will  be  well 
to  say  a  word  as  to  the  efficiency  of  various  materials  for  bank  building. 


Digitized  by  CjOOQIC 


Wilson — Practical  Building  of  Lowland  Protections. 


259 


Digitized  by  CjOOQIC 


260  Wilson — Practical  Building  of  Lowland  Protections. 

As  a  rule,  in  creeks  the  materials  available  are  mud,  clay,  sand,  and 
gravel,  and  the  material  used  usually  depends  upon  that  nearest  the 
site  of  the  work. 

Mud :  Good  clean  marsh  mud  is  by  far  the  best  material  of  which  to 
construct  banks.  It  packs  well,  is  comparatively  easy  to  handle,  gets 
a  sod  quickly,  and,  when  dry,  does  not  powder,  but  forms  a  well- 
cemented  mass.     It  is  also  the  lowest  material  in  point  of  cost. 

Clay:  Clay  is  of  some  value  for  puddling,  forming  a  most  impene- 
trable mass,  but  is  also  subject  to  the  washing  effect  of  rains  and  tide. 
Used  with  mud  as  a  protection,  it  forms  a  valuable  adjunct;  but  alone, 
is  of  little  value.  The  cost  is  also  prohibitive  in  many  cases,  it  costing 
three  times  as  much  to  handle  clay  as  mud. 

Sand :  Sand  is  of  value  when  confined  (in  bags,  as  explained  above) ; 
but  alone,  is  the  worst  of  materials.  It  washes  rapidly,  never  forms  a 
compact  mass,  and  I  have  known  pretty  good-sized  banks  to  literally 
blow  away  when  the  sand  becomes  dried  out. 

Gravel:  Gravel  is  a  fair  material  when  dry;  but  when  wet,  is  hard  to 
handle.  A  small  quantity  of  it  getting  into  the  bucket  at  one  time, 
there  is  room  for  a  large  amount  of  water,  and  the  gravel,  when  re- 
leased, is  immediately  washed  to  the  bottom  of  the  bank.  This  is  a 
serious  drawback  from  the  contractor's  point  of  view,  and  about 
doubles  the  price  of  the  work.  Another  objection  is  the  weight,  since 
it  is  possible  to  place  only  about  half  as  much  gravel  as  mud  on  a  bank. 

The  objection  to  mud  is  the  waste  of  material.  From  careful  calcu- 
lations made  a  few  years  ago,  a  conclusion  was  reached  that  the  differ- 
ence between  bucket  measurement  and  the  mud  in  place  on  the  bank, 
after  drying,  was  fully  fifty  per  cent. 

Hand-laid  Dry  Stone  Protection. 

When  there  is  a  stretch  of  protecting  marsh  in  front  of  the  site  of  the 
bank,  mud  revetments  without  protection  will  answer,  and  are  much 
cheaper;  but  where  they  are  subject  to  the  wearing  action  of  the  tides 
or  to  the  wave  action  produced  by  heavy  wind,  they  wash  rapidly,  and 
are  alone  of  very  little  permanent  value.  This  is  sometimes  partially 
prevented  by  laying  stone  on  the  face  of  the  bank,  which  prevents 
washing  for  a  time,  but  eventually  the  earth  backing  washes  from  be- 
hind the  stone,  the  stone  falling  into  the  hole  thus  formed,  and  that 
above  comes  tumbling  down  to  the  bottom  of  the  bank,  leaving  it  with- 
out protection  (Fig.  8). 

Construction. — There  is  quite  an  art  in  laying  stone  successfully,  and 
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it  is  difficult  to  get  men  who  can  satisfactorily  perform  the  work.  After 
a  part  of  the  mud  is  in  place,  usually  a  little  above  high  water,  the  bank 
is  shaped  with  shovels,  being  packed  hard  on  the  face.  Nothing  but 
carefully  selected  mud  should  be  used  and  no  pains  spared  to  obtain  it. 
Sand  is  worse  than  useless,  and  mud  with  even  a  small  percentage  of 
sand  makes  a  poor  backing  for  the  stone. 
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Fig.  S. — Cross-sections  of  Bank  at  Fort  Mipflin,  Pa. 

Before  the  material  is  dry  and  hard  the  stone  is  laid.  Often  a  log  or 
square  timber  is  placed  about  twelve  inches  in  advance  of  the  toe  of  the 
bank  and  the  first  course  of  stone  laid  inside  of  it  (Fig.  9) ;  this  prevents 
the  sliding  out  of  the  stone  at  the  bottom.  Lines  are  placed,  to  which 
the  stone  is  to  be  laid,  the  stone  being  placed  with  the  greatest  width  in 
a  horizontal  position.     The  lines  should  be  so  arranged  that  the  stones, 
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to  reach  the  proper  slope,  must  be  pressed  two  or  three  inches  into  the 
backing. 

A  course  of  stone  is  laid,  then  all  the  interstices  are  carefully  filled 
with  chips  of  stone  ("spalls").  This  is  a  most  important  detail,  and 
should  never  be  neglected,  it  being  best  to  drive  these  chips  in  hard 
with  stone  hammers  to  insure  good  contact.  The  next  course  is  then 
laid  and  the  operation  repeated. 

The  stone  is  usually  piled  in  front  of  the  bank,  the  lower  courses  being 
laid  at  low  water.  There  should  always  be  two  sections  of  the  bank 
under  construction  at  once :  one  which  will  put  the  mason  above  high 
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Fig.  9. 


water  when  high  water  comes ;  the  other  to  permit  him  to  avail  himself 
of  low  water  in  placing  his  bottom  courses. 

Two  men  work  together — a  mason,  who  lays  the  stone,  and  a  helper, 
who  selects  and  passes  the  stone  up  to  him  from  the  pile  below.  On  the 
high  tide,  the  helper  is  often  up  to  his  waist  in  water. 

Little  wooden  platforms  are  erected  at  various  heights  on  the  face  of 
the  bank,  and  are  used  to  store  stone  and  also  for  the  masons  to  stand 
upon  while  laving  the  upper  courses  (Fig.  9).  These  are  hot  removed 
until  the  work  is  completed,  and  then  the  holes  left  in  the  wall  are  care- 
fullv  filled  with  stone. 
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The  usually  accepted  slope  for  these  walls  is  1 : 1.  It  has  been  found 
that  at  this  slope  the  stone  is  neither  displaced  by  tidal  action,  nor  does 
it  tend,  by  its  own  weight,  to  bury  itself  into  the  mud  backing. 

Heavy  Dry  Wall. — At  times  a  heavier  "dry  wall"  is  laid,  of  several 
thicknesses  of  stone,  and  on  a  variety  of  foundations,  but  always  with 
the  same  result  eventually — namely,  the  washing  of  material  from  be- 
hind the  wall  and  the  falling  of  the  wall  itself. 

These  walls  are  five  or  six  feet  on  the  bottom  with  a  width  of  about 
two  feet  on  top,  and  are  sometimes  laid  with  a  batter  on  the  front, 
although  usually  built  straight.  They  are  really  a  waste  of  material, 
being  very  little  better  than  a  single  layer  of  stone,  and  using  probably 
more  stone  than  a  wall  laid  in  cement.  The  best  of  these  are  put  on  a 
light,  three-pile  foundation,  with  flooring  under  the  wall  only  and  with- 
out sheeting. 

Timber  Protection. 

The  idea  of  timber  protection  is  almost  as  old  as  that  of  the  mud  bank 
itself.     Timber  being  plentiful,  it  has  generally  been  used. 

•  These  crib  formations  are  a  good  protection,  and  may  be  made  very 
substantial.  They  are,  however,  liable  to  decay,  particularly  the  por- 
tions between  low  and  high  water,  the  natural  life  of  such  a  structure 
being  about  five  years.  Then  repairs  must  be  made,  and  the  cost  of 
such  repairs  is  in  proportion  to  the  stability  of  the  original  structure : 
the  better  the  original,  the  greater  the  cost  of  repairs. 

The  oldest  method  in  existence  is  the  piling  of  cord  wood  perpen- 
dicular to  the  length  of  the  bank,  and  in  front  of  it  (Fig.  10).  The 
pieces  are  usually  ten  feet  in  length  and  about  four  inches  in  diameter. 
They  are  laid  to  within  two  or  three  inches  of  the  top  of  the  bank,  the 
ends  being  firmly  driven  into  the  bank,  as  good  a  bond  as  possible  being 
effected  be  ween  the  bank  and  the  wood.  In  order  to  prevent  the 
sticks  rolling,  they  are  piled  in  sections,  very  much  like  ordinary  cord 
wood.  A  solid  row  of  vertical  pieces  is  driven  into  the  marsh  perpen- 
dicular to  the  length  of  the  bank,  another  similar  row  being  driven 
parallel  to  them  at  a  distance  of  about  fifteen  feet.  The  space  between 
is  then  filled  with  the  horizontal  logs,  the  vertical  row  keeping  the  hori- 
zontal ones  in  position. 

At  first  glance  one  would  say  that  this  construction  was  of  little  or  no 
avail,  the  speedy  decay  of  the  wood  and  the  washing  of  the  water, 
which  will  certainly  penetrate  to  the  bank,  probably  effecting  a  speedy 
disappearance  of  the  protection.  This  is  not  the  case.  Upon  examin- 
ing one  of  these  protections  which  had  been  in  place  for  twenty  years, 
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Fig.  11.— Bulkhead  Protection. 
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it  was  found  to  be  in  apparently  good  condition.  The  wood  for  about 
a  foot,  at  an  elevation  corresponding  to  three  feet  above  low  water, 
was  pretty  badly  decayed,  but  had  formed  a  layer  of  dirt  which  at  that 
point  made  the  bank  really  ten  feet  wider  than  the  bank  proper. 
Otherwise  the  bank  was  intact,  and  apparently  in  as  good  condition  as 
ever.  Earth  is  at  times  piled  on  top  of  the  protection  to  help  keep  the 
logs  in  place. 

A  protection  very  generally  used  on  small  banks  is  the  driving  of  up- 
right sheet  piling.  These,  if  driven  without  guides  on  top  and  at  low 
water,  and  also  if  they  are  not  plowed  and  grooved,  are  of  very  little 
value,  the  filling  washing  from  between  the  openings  in  the  board.  A 
heavy  log  is  fitted  with  handles,  and,  several  men  raising  it,  it  is  allowed 
to  fall  on  the  head  of  the  timber  and  drive  it  to  place — a  very  tedious 
and  expensive  operation. 

A  method  of  protection  used  extensively  in  the  creeks  of  New  Jersey 
is  that  of  a  row  of  cedar  poles  driven  in  the  marsh  about  twenty  feet  in 
front  of  the  bank,  being  about  four  inches  in  diameter  and  twelve 
inches  c.  to  c.  These  poles  break  the  waves  caused  by  wind,  which  are 
likely  to  erode  the  bank,  and  render  the  water  coming  in  contact  with 
the  bank  quite  smooth. 

This  brings  us  to  the  more  elaborate  forms  of  protection  which  end  in 
bulkheads.  It  is  not  my  purpose  to  go  into  bulkhead  work,  although 
this  is  but  another  form  of  bank  protection.  I  will,  however,  give  a 
sketch  of  an  excellent  form  of  protection,  practically  a  wharf,  which  is 
very  generally  used  (Fig.  11). 

Description  of  Design. — Piles  are  driven  for  a  foundation,  the  first 
three  being  sawed  off  ten  inches  above  low  water,  and  two  clamp  pieces 
4"  X  10"  —  10'  placed  on  either  side  of  them.  Above  this  is  placed  a 
cap-piece,  4"  X  12"  — 10',  extending  over  the  first  three  piles.  To 
this  cap  the  flooring  is  spiked,  running  parallel  to  the  bulkhead.  At  the 
inside  end  of  the  clamps  and  cap-pieces  the  sheet  piling  is  driven. 
This  piling  should  in  every  instance  be  driven  to  a  firm  bearing,  so  that, 
no  matter  what  the  wash  or  strain  upon  it,  there  would  be  no  danger  of 
shoving  out  at  the  bottom. 

Two  other  rows  of  piling  are  placed  back  of  the  first  three,  and  are 
sawed  off  to  a  level  a  few  inches  below  the  top  of  the  bulkhead.  These 
are  called  tie  piles,  to  which  are  fastened  the  tie  rods  running  through 
notches  in  the  bulkhead.  These  piles  are  on  the  same  line  longitudi- 
nally, but  are  alternately  first  on  one  side  of  the  tie  rods  and  then  on 
the  other.     The  rods  are  saddled — i.  e.,  rounded  out  to  fit  the  piles 
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snugly.  The  position  of  the  piles  assures  a  straight  rod,  and,  when 
bolted  through  and  through,  they  form  a  construction  which  should 
never  give.  In  addition  to  this,  longitudinal  piles  are  laid  between  the 
rods  and  behind  the  tie  piles,  being  bolted  securely  to  both.  The  bulk- 
head itself  is  built  of  twelve-inch  stuff,  faced  on  three  sides,  rough  in 
back,  each  course  being  drift-bolted  securely  to  the  course  below,  in 
addition  to  which  the  ends  of  the  tie  rods  are  securely  bolted  to  the 
bulkhead  timber.  It  will  be  noticed  that  the  tie  rods  are  placed  be- 
tween two  bulkhead  pieces,  thus  cutting  away  only  a  little  of  each  piece 
of  timber  and  saving  its  strength. 

Concrete  Wall. 
The  building  of  a  wall,  either  one  of  concrete  or  of  stone  laid  in  ce- 
ment, furnishes  by  far  the  most  efficient  and  permanent  protection. 


Fig.  12.— Position  of  Concrbtk  Wall. 

Rather  than  generalize  on  the  subject  of  these  protections,  I  have 
chosen  two  examples,  which  I  had  the  opportunity  of  watching  during 
construction. 

General  Description. — The  wall  is  situated  at  one  end  of  a  great  fresh- 
water reserve  basin,  under  construction  at  the  present  time,  and  is  of 
concrete  and  on  a  pile  foundation.  It  is  parallel  to  and  thirty-nine  feet 
from  the  line  of  an  old  causeway,  which  was  protected  by  crib  work. 
In  designing  the  wall,  the  following  contingencies  had  to  be  met  and 
overcome : 

1 .  In  order  to  place  the  wood  construction  below  the  plane  of  mean 
low  water,  and  also  to  permit  the  pile-driver  to  work  at  all  stages  of  the 
tide,  it  became  necessary  to  remove,  to  a  depth  of  about  seven  feet,  the 
mud  from  the  site  of  the  work  (Fig.  12). 

2.  At  a  distance  of  fifty  feet  from  the  face  of  the  wall  there  was  to  be 
made  a  depth  of  twenty-five  feet  at  mean' low  water,  making  a  slope  of 
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2  on  1  in  front  of  the  wall.  The  piles,  therefore,  must  be  brought  to 
such  a  depth  as  to  make  the  foundation  safe  against  sliding  when  the 
material  was  removed  from  in  front. 

3.  The  open  space  between  the  new  wall  and  the  old  causeway  wras  to 
be  filled  with  dredged  material;  therefore  the  foundation  as  well  as  the 
wall  had  to  be  designed  to  bear  the  great  thrust  of  this  material. 

Details  of  Design  and  Construction. — In  all  permanent  construc- 
tions exposed  to  tidal  action  the  wooden  portions  of  the  structure  must 
be  below,  or  very  nearly  at  the  plane  of,  mean  low  water;  and  when 
thus  placed,  are  as  good  as  any  other  known  construction  and  much 
cheaper  than  some.  The  material  was  excavated  to  a  depth  of  two 
feet  at  mean  low  water  by  means  of  a  grapple  dredge  with  a  seventy- 
foot  boom,  being  thrown  over  along  the  line  of  the  cut  and  also  at  one 
end.  The  cut  was  made  one  hundred  feet  in  width  to  allow:  (a)  A 
slope  of  two  on  one  to  prevent  the  material  from  caving  into  the  cut; 
and  (6)  for  the  construction  of  the  foundation  and  a  width  sufficient  to 
allow  the  pile-driver  to  drive  the  first  line  of  piles  under  the  wall,  head 
on. 

Upon  the  completion  of  this  work,  the  engineer  expected  to  use  the 
banks  thus  formed  as  a  coffer-dam,  putting  sheet  piling  across  one 
end,  and  with  pumping  plant  keep  the  level  of  the  water  inside  the  dam 
below  the  level  of  the  pile  heads,  thus  enabling  the  work  of  placing  the 
clamps  and  flooring  to  proceed  without  tidal  interruption.  This  idea 
was  finally  abandoned,  owing  (1)  to  the  extreme  softness  of  part  of  the 
material  excavated,  it  being  thoroughly  unfit  for  the  contemplated  use; 
(2)  to  the  expense  of  moving  the  pumping  plant  to  the  site  of  the  work, 
and  maintaining  the  same ;  and  (3)  to  the  leakage  of  the  old  causeway, 
the  water  having  cut  channels  through  the  filling  of  the  crib  until  with 
every  tide  water  flowed  through  in  streams,  with  little  or  no  opposition. 

Difficulties   Overcome. 

1.  It  was  difficult  to  keep  the  material  cast  up  in  place,  owing  to  its 
softness,  and  also  the  large  amount  of  material  to  be  excavated  (twenty 
yards  per  running  foot  of  cut),  all  of  which  had  to  be  placed  on  one  side. 
Several  slips  occurred,  the  material  breaking  away  from  the  center  of 
the  bank  and  sliding  back  into  the  cut.  When  a  slide  of  this  kind  oc- 
curred, it  was  left  until  the  last,  when  on  one  high  water  it  was  thrown 
behind  that  material  originally  excavated  and  no  more  trouble  was 
experienced. 

2.  In  order  to  drive  the  piles  to  a  sufficient  depth  to  insure  the  proper 
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Fig.  13.— Cross-sections  of  Sheet  Piling. 
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stability  against  the  foundations'  sliding,  seven  feet  of  hard  gravel  were 
to  be  driven  through,  besides  the  mud.  Borings  made  by  means  of  a 
jet  showed  mud  to  fifteen  feet ;  a  thin  layer  of  sand,  with  gravel  below  to 
a  depth  of  thirty  feet,  the  depth  to  which  the  borings  were  taken.  The 
piles  were  supposedly  driven  to  a  depth  of  about  twenty-two  feet  mean 
low  water.  An  ordinary  pile-driver  with  a  drop-hammer  was  used,  the 
weight  of  the  hammer  being  twenty-seven  hundred  pounds.  The 
piles  were  unshod  and  driven  unpointed.  Judging  from  the  condition 
of  some  piles  driven  on  a  later  contract  near  the  site  of  the  work,  and 
drawn,  there  is  no  doubt  that  the  ends  were  very  badly  "broomed"  for 
a  distance  of  at  least  three  feet.  This,  however,  did  not  endanger  the 
bearing  power,  as  there  is  more  than  enough  to  support  the  weight  of 
the  wall  and  filling.  The  piles  were  of  yellow  pine,  thirty  feet  long, 
not  less  than  twelve  inches  in  diameter  four  feet  below  the  top,  and  six 
inches  at  butt  without  the  bark. 

Construction  of  Foundations. — The  piles  were  driven  with  a  wrought- 
iron  band,  each  pile  being  sawed  off  fair  at  a  height  of  eighteen  inches 
above  mean  low  water  and  the  bands  driven  one  and  a  half  inches  below 
the  top.  On  top  of  the  piles,  and  securely  spiked  to  them,  were  cap- 
pieces  12"  X  12",  extending  the  entire  width  of  the  foundation.  On 
these  caps  the  flooring  was  laid  entirely  over  the  foundation  structure, 
4"  X  12"  yellow  pine  being  used,  and  securely  spiked  to  the  caps.  Before 
this  flooring  was  put  in  place,  the  space  between  the  piles  was  filled  with 
dredged  material  up  to  the  level  of  the  top  of  the  caps,*the  idea  being 
to  prevent  the  washing  out  of  the  fill  through  any  possible  holes  in  the 
floor.  The  sheet  piling  was  placed  at  the  back  of  the  foundation,  and 
was  of  three  kinds  (Fig.  13). 

(A)  The  strips  for  the  ploughed  part  were  first  put  in  on  one  pile  and 
nailed  securely  in  place,  the  next  piece  of  sheeting  being  then  driven. 
The  piles  themselves  were  12"  X  12"  with  a  two-inch  groove,  the 
strips  being  of  cedar,  which  when  wet  swells,  insuring  a  tight  joint. 

B  and  C  are  both  yellow  pine.  Of  the  three  kinds,  C  is  the  least  ex- 
pensive, but  not  so  effective  as  A. 

Stone  Wall. 

Owing  to  the  low  elevation  of  the  ground  in  front  of  an  old  bank,  it 
was  decided  to  construct  a  stone  protection  wall  about  one  hundred  feet 
in  front  of  it,  filling  in  the  space  between  the  dredged  material  taken 
from  in  front  of  the  wall,  thus  reclaiming  the  land. 

If  the  stability  of  the  wall  was  calculated  to  withstand  the  thrust  of 
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this  material,  serious  mistakes  were  made,  as  the  wall  is  a  miserable 
failure.  A  depth  of  about  five  feet  of  material  was  excavated  from  the 
site  of  the  wall  to  allow  the  sawing  off  of  the  piles  at  the  proper  height 
and  the  subsequent  placing  of  the  clamps  and  flooring.  The  ditch  was 
made  wide  enough  to  permit  the  pile-driver  to  operate  "  end  on  the  wall 
at  all  stages  of  the  tide.'/  As  much  material  as  possible  was  thrown  on 
the  inside  of  the  line  of  the  wall,  the  remainder  of  the  material  being 
placed  on  the  outside  line  of  the  ditch. 

The  piles  were  then  driven  and  caps  placed,  the  sheeting  being  left 
until  the  last.  The  caps  and  flooring  were  placed  at  low  water,  and 
then  the  stone  laid  in  cement,  the  various  courses  being  laid  alternately 
at  high  and  low  water.  Finally,  the  space  behind  the  wall  was  filled 
in  with  material  dredged  from  the  front. 

Details  of  Design. — The  foundation  consisted  of  three  rows  of  piles, 
three  feet  center  to  center  and  ten  feet  center  to  center  respectively. 
The  tops  of  the  piles  were  trimmed  away,  leaving  only  four  inches  width 
of  the  original  head,  allowing  the  clamps  to  fit  neatly,  the  back  or  so- 
called  row  of  tie  piles  being  treated  in  the  same  way.  This  was  a  mis- 
take in  the  design,  as  it  left  only  four  inches  of  wood  where  there  should 
have  been  ten  inches,  thus  very  much  weakening  the  construction. 
The  sheeting  consisted  of  two-inch  hemlock,  and  was  placed  on  the 
outside  with  only  a  3"  X  6"  wale-piece  to  hold  it  in  place.  This 
wale-piece  was  spiked  to  a  pile  every  five  feet,  and  was  supposed  to 
be  spiked  to  every  piece  of  sheeting.  When  the  spikes  were  tried, 
it  was  found  that  they  split  the  hemlock  sheeting,  and  it  being  too 
expensive  for  the  contractor  to  bore  proper  holes  to  receive  the 
spikes,  this  part  of  the  operation  was  omitted  (without  the  knowledge 
or  consent  of  the  parties  having  the  work  done).  The  contractor 
at  once  realized  that  the  sheeting  with  no  fastening  was  practically 
useless,  and  thoughtfully  substituted  three-foot  lengths  instead  of  fif- 
teen, as  called  for  in  the  plans.  There  being  some  doubt  as  to  the  low- 
water  line  (in  the  mind  of  the  contractor),  the  piles,  instead  of  being 
sawed  off  ten  inches  above  low  water,  were  sawed  off  eighteen  inches 
above.  This  gained  him  sixteen  inches  of  tide  in  which  to  place  his 
clamps,  floor,  and  lower  courses  of  stone,  and  also  saved  him  2.66  cubic 
feet  of  masonry  for  every  running  foot  of  wall. 

The  flooring  was  placed  as  the  specifications  directed,  and  the  wall 
was  built  nearly  in  accordance  with  them.  The  stone  was  of  the  speci- 
fied size. 

Upon  the  completion  of  the  wall,  material  for  filling  was  placed  in- 
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side,  and,  although  very  little  was  put  in  at  one  time,  the  sheeting 
promptly  pushed  out  at  the  bottom,  being  finally  left  in  the  shape 
shown  in  figure  14 ;  and  as  the  filling  was  continued,  the  whole  structure, 
foundations  and  all,  moved  to  meet  the  sheeting  until  the  condition  of 
the  wall  is  about  as  shown. 

The  wall  was  accepted,  the  failure  being  attributed  to  weakness  of 
design. 

Duties  of  the  Engineer. — The  duties  of  an  engineer  employed  upon 
this  class  of  work  being  somewhat  analogous  in  all  the  above,  works,  I 
have  left  till  the  last  a  description  of  these  duties,  and  shall  consider  all 
the  sections  under  one  head. 

On  mud  revetment  work  an  engineer  is  very  rarely  employed,  one  of 
the  bank  managers,  a  farmer  usually,  being  given  charge  of  the  work. 
As  he  has  to  look  after  his  farm  and  the  bank  at  the  same  time,  the 
bank  is  usually  left  to  the  supervision  of  the  contractor,  and  finally 
accepted  as  a  whole  upon  completion.  This  is  really  a  much  better 
way  than  at  first  thought  it  would  seem.  The  grade  and  width  on  top 
with  slopes  may  be  very  nearly  judged  by  any  one  at  all  familiar  with 
bank  work.  The  other  most  important  points  in  bank  building — viz., 
to  leave  enough  "berm"  between  the  cut  and  foot  of  bank,  and  not  to 
pile  more  material  on  the  meadow  than  it  will  bear  without  breaking — 
may  be  safely  left  to  the  contractor.  The  sliding  in  of  the  piled-up 
material  due  to  either  of  the  above  causes  is  so  disastrous  to  the  con- 
tractor that,  for  his  own  protection,  he  will  give  these  points  careful 
attention.  Again,  from  his  experience  he  will  be  much  better  able  to 
judge  the  bearing  power  of  the  meadow,  and  the  proper  amount  of  berm 
to  be  left. 

If  stone  protection  is  to  be  used,  careful  supervision  should  be  given 
to  the  laying  of  the  stone.  Speed  is  requisite  to  the  profit  of  the  con- 
tractor; and  the  greater  the  speed,  the  more  careless  the  placing  of  the 
stone.  A  good  firm  backing  should  be  insisted  upon,  the  stones  to  be 
pressed  into  this  three  or  four  inches.  Each  course  of  stone  should 
have  a  firm  bearing  upon  the  course  below.  The  line  of  batter  should  be 
carefully  carried  out,  for,  as  explained  above,  on  this  depends  to  a  great 
extent  the  lasting  quality  of  the  wall. 

In  bulkhead  protection  the  services  of  an  engineer  are  almost  indis- 
pensable. All  the  timber  and  iron  work  should  be  carefully  inspected. 
The  lines  for  driving  the  piles  and  the  elevation  at  which  they  should  be 
cut  off  should  be  given  by  the  engineer,  and  permanently  marked  to 
enable  reference  at  any  moment.     Finally,  a  careful  supervision  should 
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be  given  to  the  actual  work,  and  the  following  points  watched  with 
great  care,  for  therein  the  contractor  generally  faileth : 

1.  Careful  record  should  be  kept  of  the  material  used  in  the  construc- 
tion, to  make  impossible  the  substitution  of  other  for  that  inspected. 
This  should  include  a  careful  list  of  all  material  brought  upon  the  site 
of  the  work  by  the  contractor. 

2.  Care  should  be  taken  that  the  piles  be  cut  off  at  the  required 
height. 

3.  Every  precaution  should  be  taken  to  insure  the  driving  of  the 
specified  length  of  sheeting. 

4.  The  fastenings,  whether  bolts  or  spikes,  should  be  inspected  when 
in  place,  and  under  no  circumstances  should  work  be  allowed  to  be  cov- 
ered up  until  inspected. 

The  above  points  apply  equally  well  to  concrete  and  stone  wall  pro- 
tection, except  that  in  these  cases  is  added  the  careful  inspection  of  the 
mixing  of  the  cement  or  concrete,  as  the  case  may  be,  and  the  testing  of 
them. 

In  my  opinion,  the  most  reputable  contractors  need  as  much  super- 
vision as  those  of  unknown  honesty.  Workmen  are  prone  to  fall  into 
the  easiest  methods  of  accomplishing  the  work,  and  often,  entirely 
without  the  sanction  or  knowledge  of  the  contractor,  perform  the  work 
in  ways  far  from  those  specified  in  the  agreement  and  plans. 

The  highest  duty  of  an  engineer  is  to  exact  justice,  not  only  from  the 
contractor,  but  for  the  contractor.  He  is  a  middle-man,  and  should 
use  his  best  judgment  in  interpreting  and  carrying  out  the  specifica- 
tions. Often  the  engineer  is  too  narrow  to  do  anything  but  nag  and 
in  every  way  annoy  the  contractor,  thus,  instead  of  assisting  and  work- 
ing with  him,  really  retarding  the  work ;  in  the  mean  time  incurring  the 
dislike  of  the  contractor,  who  then  tries  to  hoodwink  him  at  every  turn. 

The  above  points  are  only  a  very  few  of  the  engineer's  duties,  but 
loom  up  in  the  practical  end  of  the  work.  They  will  apply  almost 
equally  well  to  any  kind  of  construction  work,  although  ever}'  piece  of 
work  is  surrounded  by  local  conditions,  which  may  change  in  every 
way  not  only  the  duties  of  the  engineer,  but  the  kind  of  construction 
and  the  methods  of  performing  the  work. 


DISCUSSION. 

L.  Y.  Schermerhorn. — That  there  is  science  even  in  building  mud  banks  is 
exemplified  by  Mr.  Wilson's  paper.     Observation  and  experience  indicate  that 
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skilled  men  can  accomplish  very  difficult  tasks  of  bank  building,  while  the  work 
of  unskilled  men  frequently  results  in  failure.  The  difference  mainly  arises 
from  an  erroneous  estimate  of  the  action  and  effect  of  partially  fluid  mud  when 
placed  in  an  embankment. 

Few  wharf  builders  appreciate  the  enormous  thrust  which  arises  from  mud 
filling  in  a  wharf,  or  revetment;  and  they  therefore  frequently  make  inadequate 
provision  for  the  resulting  pressures.  Consequently  when  a  dredging  company 
is  called  upon  to  fill  with  dredged  material  such  a  construction,  it  is  generally 
undertaken  with  the  explicit  agreement  that,  while  reasonable  care  will  be 
exercised,  no  guarantee  is  given  as  to  the  stability  of  the  structure  to  resist 
the  mud  filling. 

In  calculating  the  required  stability  of  a  structure  to  resist  the  thrust  of  mud, 
it  should  be  assumed  that  the  resulting  pressure  will  be  equal  to  that  which 
arises  from  a  fluid  with  the  specific  gravity  of  soft  mud :  say  a  weight  of  from 
100  to  110  pounds  per  cubic  foot.  To  assume  that  the  pressure  will  only  be 
equal  to  that  which  would  result  from  ordinary  earth  against  the  back  of  a 
retaining  wall  will  lead  to  disaster.  In  several  cases  I  have  seen  structures 
which  would  have  safely  resisted  the  pressure  of  sand,  destroyed  by  the  pressure 
of  mud  filling  or  gravel  filling,  even  though  it  had  been  carried  to  a  height  of  two 
or  three  times  that  of  the  mud. 

Percy  H.  Wilson. — In  speaking  of  footing-ditches,  I  refer  only  to  those 
ditches  immediately  behind  the  bank.  In  order  to  do  away  with  these  ditches, 
and  still  drain  the  meadow,  ditches  are  dug  one  or  two  hundred  feet  back  of 
the  bank,  running  parallel  to  it.  These  ditches  empty  into  one  running  in  a 
perpendicular  direction  to  the  bank,  which  ditch  eventually  discharges  through 
a  sluice  into  the  river.  These  sluices  are  a  constant  source  of  annoyance,  the 
musk-rats  at  these  points  going  through  the  banks,  and  the  city  has,  in  several 
places,  notably  at  Swanson  Street,  erected  elaborate  constructions  to  lessen 
the  danger  of  washout  at  these  points. 
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SOME  UNUSUAL  LOCOMOTIVES. 

A.    B.    EDDOWES. 
Read  October  5,  1901. 

The  types  of  locomotives  selected  for  consideration  in  the  following 
descriptions  were  chosen  as  being  of  more  engineering  interest  than  the 
more  widely  known  standard  or  usual  types,  which  are  in  general  use  on 
all  our  large  railroads,  and  with  which  every  one  is  more  or  less  familiar. 

I  must  acknowledge  the  obligation  to  Messrs.  Burnham,  Williams  & 
Co.  for  their  courtesy  in  permitting  the  use  of  the  necessary  data  and 
photographs  from  which  these  descriptions  were  obtained. 

About  twenty-five  years  ago  there  was,  coincident  with  the  growth  of 
our  large  cities  and  the  expansion  of  suburbs  in  every  direction,  a  de- 
mand for  better  and  swifter  urban  and  suburban  means  of  transporting 
passengers  than  was  afforded  by  the  then  existing  horse-drawn  tram- 
way cars  that  were  in  general  use  at  that  period.  This  demand  had 
been  met  in  a  few  cases,  as  in  New  York  city,  by  the  construction  and 
operation  of  elevated  railroads,  but  in  many  localities  where  the  popula- 
tion was  not  so  dense  and  the  area  to  be  served  did  not  present  the 
favorable  geographic  conditions  that  existed  in  New  York,  elevated 
railroads  were  out  of  the  question ;  and  so  the  effort  was  made  to  pro- 
vide steam  locomotives  of  the  noiseless,  inclosed  type  that  would  give 
satisfactory  service  through  crowded  city  streets.  The  degree  of  suc- 
cess attained  varied  somewhat  with  local  conditions,  but,  on  the  whole, 
the  steam  motor  did  not  prove  to  be  the  best  solution  of  the  problem  in 
the  large  cities,  although  for  suburban  service,  where  trips  at  infrequent 
intervals  were  all  that  was  required,  the  motor  train  did  excellent  work 
in  many  places.  An  example  of  the  kind  referred  to  was  the  trains 
from  Atlantic  City  to  Longport,  with  which,  no  doubt,  many  are 
familiar. 

A  peculiarly  interesting  example  of  motor  for  this  character  of  service 
is  the  subject  of  the  first  description,  which  was  the  first  one  of  six  mo- 
tors built  for  the  government  of  New  South  Wales  for  use  on  the  tram- 
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way  of  Sydney.     These  engines  are  also  of  interest  as  being,  probably, 
the  first  compound  locomotives  in  successful  commercial  service. 

These  engines  were  designed  by  Mr.  Downes,  an  engineer  of  the  N.  S. 
W.  tramways.  The  details  were  worked  out  and  the  engines  built  by 
the  Baldwin  Locomotive  Works  during  1883.  This  design  provided 
for  a  long  car  carried  on  the  motor  frame  at  the  front  end,  and  on  a 
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Fig.  1. — Compound  Motor. 

truck  of  the  usual  type  at  the  rear  end.  The  front  end  of  the  car  was 
made  in  sections,  hinged,  so  that  the  end  could  be  swung  open  and  the 
motor  readily  run  out  when  required  for  the  purpose  of  adjustment  or 
repairs. 

The  motor  was  carried  on  four  wheels,  30"  in  diameter,  all  of  which 
were  used  as  drivers;  wheel  base,  5'  6".    The  boiler  was  of  the  "  Bury  " 
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type,  with  a  horizontal  barrel  29£"  in  diameter  and  a  vertical  barrel  or 
furnace  casing  39"  in  diameter,  with  a  furnace  33"  inside  diameter  X 
59J"  deep,  giving  a  grate  surface  of  5.9  square  feet.  The  boiler  con- 
tained 113  tubes,  1£"  diameter,  5'  4£"  long,  of  brass,  while  the  fire-box 
was  made  of  copper  tf  thick,  tube  sheet  £"  thick.  Heating  surface, 
tubes,  237.0  square  feet;  heating  surface,  furnace,  43.8  square  feet; 
heating  surface,  total,  280.8  square  feet — a  ratio  of  heating  to  grate  sur- 
face of  47.6  : 1.     The  engines  are  of  the  vertical  compound  tandem 


Fig.  2. — Ctlindkrs  op  Compound  Motor. 

type,  with  cylinders  9*  and  12"  diameter  X  12"  stroke,  giving  a  ratio  of 
expansion  of  1  : 1.77. 

The  steam  distribution  is  controlled  by  two  slide  valves,  one  of  the 
ordinary  or  D  pattern,  having  a  bridge  across  the  face,  which  was  called 
the  change  valve,  and  was  used  to  change  the  engine  from  simple  to 
compound,  being  operated  by  the  hand-lever  shown  in  Fig.  1.  When 
this  change  valve  was  in  the  position  shown  on  the  diagram  of  the 
cylinders,  Fig.  2,  the  engine  was  working  compound,  port  E'  being 
closed  and  the  steam  entering  through  pipe  I,  passing  through  the 
ports  and  the  piston  valve  to  the  high-pressure  cylinder,  exhausting 
through  the  short  straight  port  to  the  change  valve,  and  thence  to  the 
feed  ports  of  the  low-pressure  cylinder,  being  finally  exhausted  through 
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the  port  E.  The  piston  valve  was  the  one  which  controlled  the  distri- 
bution of  steam  to  the  cylinders,  and  was  probably  the  earliest  ex- 
ample of  that  form  of  valve  in  locomotive  practice. 

It  will  be  seen  from  the  above  that,  when  the  valve  was  moved  from 
compound  to  simple  working,  steam  was  admitted  only  to  the  high- 
pressure  cylinder,  thus  furnishing  less  power  in  that  case  than  when 
compound.  The  piston  valve  was  actuated  by  the  "Joy"  valve  gear, 
in  which  the  motion  is  obtained  by  the  movement  of  the  main  rod.  In 
order  to  avoid  excessive  clearance  in  the  cylinders  the  main  axle-boxes 
were  fixed  in  the  frame  instead  of  having  the  usual  vertical  clearance 
movement,  and  had  a  layer  of  vulcanized  fiber  placed  between  the  top 
of  the  axle-boxes  and  the  frame  to  absorb  the  shocks,  instead  of  using 
springs.  The  brackets  carrying  the  car  body,  as  well  as  the  rear  axle, 
were  provided  with  springs  and  vertical  movement  as  usual.  The 
main  rods  are  connected  to  a  crank  axle  made  with  the  crank  bearing 
next  to  the  wheel,  as  in  some  of  Matthew  Baldwin's  early  engines,  this 
arrangement  being  known  as  the  half  crank.  The  axle-boxes  and  the 
frames  are  outside  of  the  wheels,  and  cranks  are  placed  on  the  ends  of 
the  axles  for  the  coupling  rods. 

In  addition  to  the  effort  to  develop  a  steam  locomotive  with  a  fire- 
box that  would  be  unobjectionable  on  city  streets,  there  have  been 
numerous  attempts  to  build  and  operate  locomotives  without  fire-boxes, 
and  using  either  a  large  storage  capacity  of  hot  water  to  provide  steam 
enough  for  a  given  run,  or  to  start  with  an  initial  charge  of  water  and 
steam  and  to  keep  up  the  required  supply  of  steam  by  means  of  the  de- 
composition of  chemical  substances  of  various  kinds.  Of  such  is  the 
next  example,  Fig.  3,  which  shows  what  were  known  as  the  soda 
motors  of  the  Minneapolis,  Lyndale,  and  Minnetonka  R.  R.,  a  road 
of  3  feet  gage  running  partly  through  the  streets  of  Minneapolis  and 
to  the  places  named.  This  system  was  designed  by  Honigmann,  in 
Germany,  who  patented  it  in  this  country  from  1883  to  1886.  This 
installation  was  made  under  the  direction  of  Mr.  G.  Kuchler,  who 
came  from  Germany  for  that  purpose. 

The  motor  was  composed  of  a  large  reservoir  or  boiler,  and  engines 
and  running-gears  of  the  usual  type.  Cylinders,  14£*  diameter  X  16* 
stroke;  wheel  base  driving  5'  0*;  total,  10'  6*.  Driving  wheels,  42* 
diameter;  truck  wheels,  24*  diameter.  Weight  on  drivers,  56,700 
pounds;  total,  63,800  pounds. 

The  boiler  consists  of  three  compartments,  the  center,  which  con- 
tained the  hot  soda  solution,  being  made  of  copper,  and  the  ends  on 
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steam  portion  being  made  of  steel.  This  boiler  was  63"  inside  diameter 
and  contained  146  2-inch  tubes  and  two  2f-inch  tubes  10'  8^  long, 
making  820  square  feet  heat  surface,  and  ends  with  about  24  square 
feet,  or  a  total  heat  surface  of  844  square  feet.  The  safety  valves  for 
the  steam  boiler  were  set  at  210  pounds  pressure,  and  for  the  soda  por- 
tion were  set  at  30  pounds  pressure.  All  castings  which  came  in  con- 
tact with  the  soda  solution  were  made  of  bronze,  in  order  to  minimize 
trouble  from  corrosive  action. 

In  addition  to  the  motors,  of  which  four  were  built  in  1886,  there  was 
a  stationary  power-plant  for  charging  the  motors  with  hot  water  for  the 


Fig.  3. — Soda  Motor. 

steam  ends  and  boiling  off  the  moisture  from  the  caustic  soda  before 
they  were  started  on  their  trips.  The  charging  was  done  through  the 
pipes  shown  in  Fig.  3,  overhanging  the  boiler,  with  caps  held  by 
yokes  and  screws.  The  method  of  operation  was  to  place  a  quan- 
tity of  caustic  soda  in  the  central  portion  of  the  boiler  and  partly  fill  the 
water  ends  with  water  at  a  high  temperature,  and  turning  steam  on  to 
the  central  portion,  the  soda  was  expected  to  take  up  water  from 
the  steam  and  thus  generate  heat  to  keep  the  steam  pressure  high 
enough  to  provide  for  running  the  motor  and  train  for  the  trip.  At  the 
start  steam  was  furnished  from  the  central  plant  to  start  the  soda,  but 
after  the  motor  was  under  way  the  exhaust  from  the  engine  was  turned 
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into  the  soda  compartment  in  order  to  maintain  the  action  of  the  soda. 
This  in  practice  proved  to  be  the  weak  point  in  the  system,  owing  to  the 
excessive  back  pressure  caused  by  the  exhaust  steam  being  discharged 
against  constantly  increasing  pressure.  The  exhaust  was  discharged 
through  a  number  of  small  pipes  so  as  to  act  through  the  mass  of  soda. 
After  a  large  amount  of  experimenting  on  the  part  of  the  promoters, 
without  success,  the  engines  were  converted  into  steam  locomotives; 


Fig.  5. — Valve  Motion  op  Suburban  Car. 

and  it  is  said  that  the  copper  work  in  the  soda  boilers  was  sold  for 
enough  to  pay  for  the  cost  of  rebuilding  the  engines. 

Since  the  general  introduction  of  trolley  systems  for  city  and  subur- 
ban service,  the  building  of  the  class  of  locomotives  known  as  motors  has 
practically  ceased ;  but  the  engine  shown  in  Fig.  4  is  a  recent  experiment 
to  operate  a  steam  motor  car  on  trolley  car  methods,  the  idea  being  to 
build  a  motor  car  that  could  be  run  by  two  men  on  an  ordinary  railroad 
line,  one  man  for  operating  the  engine  and  the  other  to  act  as  con- 
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ductor.     To  do  this  the  effort  was  made  to  build  a  self-feeding  boiler, 
so  that  the  engine-man  would  be  free  to  attend  to  the  running  of  the 


car,  and  would  not  have  to  attend  to  the  fire,  or  at  least  not  as  much  as 
with  the  usual  type  of  boiler. 
The  principal  difficulty  in  this  case  was  to  keep  the  grates>in,  order,  as 
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the  coal  at  the  lower  end  of  the  magazine  would  become  incandescent 
and  burn  out  any  device  that  was  applied  there,  including  the  arrange- 
ment for  shutting  off  the  coal  when  desired.  The  boiler  was  60*  diame- 
ter, centrally  fired,  self-feeding,  being  supplied  with  coal  from  the  top  of 
the  motor  roof,  around  stack,  through  a  12-inch  pipe  in  the  center  of 
the  boiler.  There  were  646  square  feet  of  heating  surface;  working 
pressure,  200  pounds;  wheel  base  rigid  and  driving  7'  6*;  total,  19'  6*. 
Weight  on  drivers  about  50,000  pounds;  total,  70,000  pounds.  Cylin- 
ders, 9£"  H.  P.,  16"  L.  P.,  18"  stroke;  drivers,  42  inches  in  diameter; 
tank,  650  gallons  capacity.  Fuel  and  water  capacity  for  40  miles  run. 
One  had  a  condenser,  into  which  all  the  steam  from  the  cylinders  might 
be  diverted. 

A  condenser,  it  may  be  noted,  was  not  an  unusual  feature  of  motor 
practice,  and  the  object  was  not  so  much  to  obtain  greater  economy 
from  the  engine  as  to  render  the  operation  of  the  engine  noiseless  and  to 
prevent  the  show  of  exhaust  steam  when  passing  through  city  streets. 

These  condensers  were  air  condensers,  the  exhaust  being  passed 
through  the  tubing  so  as  to  traverse  a  considerable  length,  and  the  mo- 
tion of  the  air  doing  the  condensing. 

An  engine  above  described,  after  the  self-feeding  apparatus  had  de- 
monstrated its  unfitness  for  the  required  service,  was  rebuilt  with  a 
boiler  of  the  usual  locomotive  type,  which  required  its  separation  from 
the  car,  and  it  was  then  inclosed  in  a  short  cab  and  used  as  an  ordi- 
nary locomotive,  and  has  since  been  rendering  satisfactory  service 
(Fig.  6). 

Mining  locomotives  as  usually  built  weigh  about  10  or  12  tons,  and 
are,  of  course,  limited  to  the  height  and  width  of  the  gangways  in  the 
mines,  which  are  seldom  as  much  as  6'  0"  high  in  the  clear.  The  Lehigh 
Coal  and  Navigation  Co.  had  built  in  1889  two  locomotives  which  were 
unusual  for  this  type  in  that  they  were  to  weigh  about  24  tons  (of  2000 
pounds).  For  this  mine  the  limits  were  6'  6"  high  and  7'  2"  wide,  with 
a  track  3'  6"  gauge,  curves  50  feet  radius,  and  steepest  grade  3£  per  cent. 

These  engines  had  cylinders  14"  diameter  X  16"  stroke,  and  to  fur- 
nish steam  enough,  a  boiler  48"  diameter  was  provided,  which  was  car- 
ried on  wheels  28"  diameter,  thus  using  at  once  for  boiler  and  driving 
wheels  the  most  of  the  height  limit  (steam  pressure,  130  pounds).  There 
were  145  tubes  If"  diameter  X  9'  1£"  long,  giving  600.4  square  feet; 
furnace,  46"  long,  76"  wide,  about  38"  deep,  giving  64.6  square  feet. 
Total  heating  surface,  665  square  feet.  Grate  surface,  24.49  square 
feet.     Ratio  of  heating  to  grate  surface,  27  : 1.     It  will  be  noticed  that 
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the  fire-box  is  as  wide  as  could  be  placed  in  the  width  limit.  The  valve 
motion  had  an  "Allen"  straight  link,  used  because  it  required  less 
vertical  motion  than  the  ordinary  shifting  link. 

In  ordinary  railroad  practice  3  per  cent,  is  considered  a  very  heavy 
grade,  although  there  are  a  few  grades  slightly  heavier  than  that  oper- 
ated by  ordinary  adhesion  locomotives.  The  steepest  of  which  the 
writer  has  knowledge  is  407  feet  per  mile,  or  about  7.7  per  cent.,  which 
is  a  short  line  in  the  Rocky  Mountains,  a  branch  of  the  Union  Pacific 
R.  R.  narrow  gage,  which  is  operated  by  a  consolidation  locomotive 
with  60,000  pounds  on  the  drivers,  operating  a  small  train.     But  when 
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Fio.  7. — Heavy  Mining  Locomotivk. 

we  have  a  grade  of  33  per  cent,  to  climb,  one  naturally  thinks  of  the 
ladder  railway  up  Mount  Washington  in  New  England. 

The  Corcovado  Railway  near  Rio  Janeiro,  Brazil,  is  a  road  of  this 
character,  ascending  a  mountain  near  that  city  to  a  popular  resort  over- 
looking the  bay.  The  steepest  grade  on  this  road  is  33  per  cent.,  and 
this  portion  is  193  meters  long,  the  total  length  of  the  road  being  3790 
meters,  and  having  curves  of  120.76  meters  radius.  A  locomotive  (Fig.  8) 
was  required  to  push  a  load  of  10  tons,  cars  and  lading,  up  the  33  percent, 
grade.  As  the  weight  is  not  depended  upon  for  the  adhesion,  as  that  is 
provided  for  by  the  rack  rail,  every  effort  was  made  to  build  the  engine 
as  light  as  possible.  The  dimensions  of  the  first  engine  built  for  this 
road  were  as  follows:  Track,  1  meter  gauge;  boiler,  40"  diameter ;  fire- 
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box,  35"  long,  36"  wide;  116  tubes  1£"  diameter,  6'  0"  long.  Heating 
surface  tubes,  269.32  square  feet;  fire-box,  40.5  square  feet;  total, 
309.82  square  feet.  Cylinders,  1  Of"  diameter  X  16"  stroke;  drivers, 
^l-fW  diameter  at  pitch  line,  made  of  cast  steel;  leading  and  trailing 
wheels,  20£"  diameter;  tank,  250  gallons.  Total  weight,  26,448 
pounds.  This  engine  was  built  in  1888.  Grate  surface,  8.75  square 
feet.  Ratio  heating  to  grate  surface,  35.4  : 1.  In  1891  another  engine 
was  built  for  this  road  with  cylinders  11"  diameter  X  16"  stroke  and 
drivers  37^^"  diameter,  but  otherwise  as  the  preceding  one.  These 
engines  were  very  well  supplied  with  brakes,  having  a  crane  or  band 
brake  on  the  crank  disc ;  also  brake  blocks  on  the  back  wheels,  oper- 
ated by  hand-screw  shafts ;  also  the  Le  Chatelier  or  water  brake  on  the 
cylinders. 

Engines  of  the  same  description  have  been  built  for  the  Estrada  de 


Fig.  8. — Corcovado  Rack  Locomotive. 

Ferro  Principie  do  Gr&o  Pard  in  1885  to  operate  a  road  having  15  per 
cent,  grade;  also  for  the  Leopoidina  R.  R.  in  1897  and  1900  to  haul  22 
tons  up  a  15  per  cent,  grade. 

The  engine  for  the  Estrada  de  Ferro  Principie  do  Gr&o  Para  (Fig. 
9)  has  496  square  feet  of  heating  surface  and  about  14  square  feet 
grate  surface,  a  ratio  of  35  : 1.  Cylinders  12"  diameter  X  20"  stroke: 
cog-wheels  wrought-steel ;  drivers,  diameter  at  pitch  line  41.35".  To 
haul  a  train  of  22  metric  tons  (or  48,488  pounds)  at  a  speed  of  9  kilo- 
meters per  hour,  and  to  haul  a  train  of  18  metric  tons  (or  39,672 
pounds)  at  a  speed  of  11  kilometers  per  hour,  over  the  road,  which 
has  15  per  cent,  grades,  the  weight  of  the  engine  is  limited  to  16  metric 
tons  in  order  that  the  pressure  on  the  rack  shall  not  exceed  6000  kilo- 
grams. These  engines  were  fitted  with  the  same  kinds  of  brakes  and 
the  back-pressure  pipe  as  on  the  other  engines  for  rack  railroads. 
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Europe  has  also  been  a  customer  for  locomotives  of  this  class, 
two  engines  very  similar  to  Fig.  9  having  been  supplied  to  Count 
Telfener,  of  Florence,  Italy,  in  1892,  to  operate  a  road  8  kilometers 
long,  maximum  radius  of  curve  80  meters,  and  grades  one-third  being 
8  per  cent.,  one-third  varying  from  8  per  cent,  to  18  per  cent.,  and 
the  remaining  third  from  18  per  cent,  to  22  per  cent. 

These  were  followed  in  1893  bv  an  additional  locomotive,  the  same  as 
the  first  three  with  the  exception  of  having  compound  cylinders  of  the 
Vauclain  system.  H.  P.  cylinder,  8"  diameter;  L.  P.,  13"  diameter, 
16*  stroke;  piston  valve,  6J"  diameter.  The  gears  that  mesh  in  the 
rack  rail  are  put  to  a  severe  test,  and  are  made  of  steel  having  100,000 


Fig.  9.— Rack  Railroad  Locomotive. 

pounds  per  square  inch  tensile  strength  with  an  elastic  limit  of  40,000 
pounds  and  an  elongation  of  15  per  cent,  in  4  inches.  These  engines  are 
provided  with  a  back-pressure  pipe  and  a  valve  in  the  exhaust  nozzle,  so 
that  in  descending  the  grades  the  nozzle  can  be  closed  to  prevent  dirt 
entering  the  cylinders,  and,  steam  being  shut  off,  the  cylinders  pump 
air  into  this  back-pressure  pipe,  thus  producing  a  resistance  to  the 
movement  of  the  engines  which  is  controlled  at  will  by  the  engine- 
runner  by  means  of  a  valve  in  the  pipe,  which  can  be  opened  or  closed 
from  the  cab.  This  arrangement  produces  quite  a  high  pressure  in  the 
pipe,  and  if  allowed  to  escape  freely,  produces  a  violent  noise;  so  to 
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prevent  annoyance  from  that  cause  a  muffler  is  provided  on  the  end  of 
the  pipe,  which  can  be  seen  in  Fig.  9,  directly  under  the  cab. 

When,  in  1890,  what  is  popularly  called  the  "cog"  railway  opened, 
ascending  Pike's  Peak  from  Manitou,  Colorado,  the  peculiar  looking 
locomotive  shown  in  Fig.  10  was  employed,  of  which  there  were  three 
built.  The  following  items  from  the  specification  will  be  of  interest : 
Total  length  of  road,  8f  miles ;  total  height  to  ascend,  7600  feet.  In  no 
case  will  the  speed  exceed 8  miles  per  hour,  the  whole  trip  to  be  made  with 
4  stops  for  water,  including  the  starting-point.  The  last  water  station 
is  on  17.36  per  cent,  grade,  14,400  feet  from  the  summit.  Running 
time,  thirty-four  and  a  half   minutes;  sharpest    curve,  359*    radius, 
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Fig.  10. — First  "Abt"  Locomotivk  for  Pikb's  Peak. 

which  occurs  on  22  per  cent,  grade.  The  possibility  of  more  fuel  and 
water  consumption  than  calculated  at  height  of  12,000  feet  above  sea- 
level  to  be  considered.  This  engine  had  nine  wheels,  three  pairs  of 
which  can  be  plainly  seen,  and  the  other  three  being  on  the  longitudinal 
center  line  of  the  engine  and  scarcely  showing  in  Fig.  10.  Of  the 
three  pairs  shown,  two  pairs  are  fixed  carrying  wheels,  while  the 
wheels  of  the  other  pair  are  mounted  in  a  pony  truck  under  the  cab. 

The  particulars  of  this  engine  were  as  follows:  Boiler,  44*  diameter; 
fire-box,  48*  long,  59 J*  wide;  176  tubes,  \\"  diameter,  7'  6*  long,  with 
160  pounds  per  square  inch  steam  pressure.  Heating  surface  fire-box, 
58J  square  feet;  tubes,  5 18 J  square  feet;  total,  576 \  square  feet.  Grate 
surface,  19.7  square  feet.     Ratio  of  heating  to  grate  surface,  26.3  : 1. 
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Wheel  base,  rigid,  6'  8";  driving,  4'  H";  total,  11'  1£".  Cylinders,  17" 
diameter,  20"  stroke.  Exhaust  nozzle  to  close  when  engine  is  re- 
versed, so  that  the  cylinders  could  pump  air  into  the  steam-pipes 
and  a  back-pressure  pipe,  where  it  was  controlled  by  a  valve  operated 
by  the  engine-runner  and  terminating  in  the  muffler  under  the  cab. 
Main  pinions  of  wrought  steel.  Three  driver  wheels  constructed  of 
steel  plates  with  equalizing  devices  according  to  Mr.  Abt's  system. 
Drivers  at  pitch-line  22^/^  inches,  open  hearth  cast-steel  centers. 
Tires  held  by  Abt's  patent  spring.  Tires'  ultimate  tensile  strength 
100,000  pounds  per  square  inch;  elastic  limit,  40,000  pounds. 
Equipped  with  band  steam-brake  on  front  and  second  drivers  and 
with  band  hand-brake  on  back  driver;  also  with  water-brake  with 
cold  water  from  tank. 

These  engines  were  guaranteed  to  push  42,000  pounds  on  16.33  per 
cent,  grade  at  a  speed  of  5  miles  per  hour,  or  on  a  25  per  cent,  grade  at 
3  miles  per  hour,  or  on  an  8  per  cent,  grade  at  8  miles  per  hour.  The 
three  driving  wheels  were  mounted  in  a  separate  framing,  and  were 
propelled  from  the  main  engine  shaft  by  a  pinion  on  the  same,  which 
meshed  into  two  of  the  driving  wheels,  and  the  third  driving  wheel  was 
connected  by  coupling  rods  with  the  middle  wheel.  This  arrangement 
was  designed  by  Mr.  Abt,  but  did  not  prove  to  be  entirely  satisfactory, 
as  there  was  not  flexibility  enough  in  the  design  to  allow  the  gearing  to 
accommodate  itself  to  the  variations  on  the  road,  particularly  on  the 
curves,  resulting  in  several  breakdowns.  The  "Abt"  system  of  rack 
rails  consists  in  making  the  rack  of  two  or  more  sections,  with  the  teeth 
of  one  section  spaced  opposite  the  spaces  in  the  opposite  section,  when 
two  sections  are  used,  as  on  the  Pike's  Peak  R.  R.,  or  the  spaces  divided 
in  thirds  when  three  sections  are  used. 

After  running  for  three  years  these  engines  were  rebuilt,  being  con- 
verted into  compound  locomotives  on  the  Vauclain  system  (Fig.  11), 
and  subsequently  two  others  were  built,  one  in  1897  and  one  in  1901. 
These  engines  have  boilers  of  the  same  size  as  the  original  engines,  and 
the  same  heating  and  grate  surface,  burning  Colorado  anthracite  of  the 
following  analysis :  Fixed  carbon,  87.51  per  cent. ;  volatile  combustibles, 
7.62  per  cent.;  moisture,  0.72  per  cent.;  ash,  4.15  per  cent.  Pitch  of 
teeth  in  rack  bar  is  4.70588";  wheel  base  rigid  and  driving,  5'  7";  total, 
12'  3".  Weight  about  47,000  pounds  on  drivers,  58,500  pounds  total. 
Cylinders,  10"  H.  P.,  15"  L.  P.,  22"  stroke;  7"  diameter  piston  valves. 
Piston  rods,  Krupp  steel.  Tank,  600  gallons  capacity  for  water  and 
fuel  space  for  3000  pounds  of  coal.     Carrying  wheels,  25J"  diameter. 
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Connecting  rod,  axle,  and  crank  steel,  tensile  strength  not  less  than 
85,000  pounds  per  square  inch;  elongation  of  15  per  cent,  in  section 
originally  2"  long  and  f  *  diameter. 

Rack  gear  steel  to  have  a  tensile  strength  of  110,000  pounds,  with  an 
elongation  of  not  less  than  15  per  cent,  in  4";  elastic  limit  not  less  than 
45  per  cent,  of  the  ultimate.  These  qualities  must  be  shown  in  sep- 
arately hammered  specimens  {X4ff  between  measuring  points.  Rack 
gears  forged  on  driving  axle.  Front  pusher  roller  of  steel;  this  is  the 
roller  that  pushes  against  the  car. 

Attention  will  be  called  to  the  method  of  coupling  the  cylinders  to 
the  drivers  by  means  of  the  side  levers  shown  in  Fig.  11.     With 


Fig.  11. — Baldwin's  "Abt"  Locomotivk  for  Pike's  Pbak. 

the  small  driving  wheels,  22-j^V  diameter  at  the  pitch  line,  that  are 
used  it  is  possible  to  have  only  a  stroke  of  the  cranks  of  T ;  but  in  order 
to  have  a  cylinder  of  economic  proportions,  it  was  figured  that  22* 
stroke  was  required,  and  so  the  method  shown  was  therefore  adopted. 
The  rack  wheels  are  on  the  same  axles  as  the  cranks,  shown  in  Fig. 
11,  to  which  the  coupling  rods  are  attached. 

Another  example  of  the  "  Abt"  system  is  shown  by  the  San  Vicente, 
which  is  a  combined  rack  and  adhesion  locomotive,  which  is  one  of  three 
built  by  the  Baldwin  Locomotive  Works  for  the  Cia  Minera  de  Penoles. 
The  road  on  which  these  locomotives  operate  is  2  feet  6  inches  gage, 
extending  from  Mapimi,  Mexico,  into  the  silver-mining  districts  of  the 
adjoining  mountains,  the  locomotives  being  used  to  transfer  the  ore 
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from  the  mines  to  the  smelter.  The  rack  portion  of  the  road  is  about 
3  miles  in  length,  and  the  grade  varies  from  9  per  cent,  to  13.6  per  cent. 
The  total  weight  of  one  locomotive  in  working  order  is  about  59,000 
pounds,  of  which  41,000  pounds  is  on  the  drivers,  and  it  is  capable  of 
pushing  up  the  grade  of  13.6  per  cent.,  at  a  speed  of  6  miles  per  hour,  a 
load  of  18  tons,  consisting  ordinarily  of  two  empty  cars  and  one  car 
loaded  with  supplies.  It  is  also  capable  of  controlling  a  load  of  about 
36  tons  down  the  maximum  grade.  By  a  system  of  clutches  on  two  of 
the  driving  axles,  the  carrying  wheels  can  be  locked  to  these  axles  and 
the  locomotive  operated  by  adhesion  for  switching  purposes  at  the 
terminals  of  the  grade.  The  13.6  per  cent,  grade  is  combined  with 
curves  of  70  meters  radius  (about  218  feet).     General  dimensions: 


Fig.  12. — Rack  Locomotivk  for  Cia  Minkra  db  Pknolks. 

Cylinders,  H.  P.  9£"  diameter,  L.  P.  15"  diameter,  stroke  22".  Boiler, 
36"  diameter;  working  pressure,  180  pounds  per  square  inch.  Fire- 
box, 35"  long,  37"  wide;  grate  area,  9  square  feet.  Tubes  106,  1£" 
diameter,  10'  2"  long.  Heating  surface:  fire-box,  40.5  square  feet; 
tubes,  419.8  square  feet;  total,  460.3  square  feet.  Ratio  of  heating  to 
grate  surface,  51  :1.  Adhesion  wheels,  25f"  diameter;  rack  wheels 
pitch  diameter,  22.468"  diameter;  wheel  base  driving  3'  2/^",  rigid  8' 
9J";  total,  19'  5f".     Tank,  400  gallons  of  water. 

The  heaviest  rack  rail  locomotive  that  has  been  built  as  yet  is  the  one 
which  was  built  for  the  Estrada  de  Ferro  Principle  do  Grdo  Pard,  Brazil 
(Fig.  14),  to  work  a  line  having  a  grade  of  3-^  miles  at  the  rate  of  15 
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drivers,  33"  diameter.  Steam-brake  on  adhesion  wheels.  Hand- 
brake on  rack  wheels.  Weight  limited  to  66,000  pounds.  Boiler  42" 
diameter;  working  steam  pressure,  180  pounds.  Fire-box,  41£"  long, 
43£"  wide,  or  12.6  square  feet  grate  surface.  Tubes  94,  2"  diameter, 
11'  10"  long,  or  578  square  feet  and  50  square  feet  in  fire-box,  or  total 
heating  surface  628  square  feet.  Cylinders,  adhesion  8"  H.  P.,  13* 
L.  P.,  16"  stroke;  cylinders,  rack  11"  diameter,  16"  stroke.  Exhaust 
with  valve  to  close  when  engine  is  reversed.  Back-pressure  escape 
pipe,  the  steam  passages  in  each  cylinder  to  be  connected  by  a  pipe, 
regulated  by  a  valve  from  cab,  escape  pipe  terminating  in  a  muffler. 

An  interesting  and  unusual  locomotive  is  shown  by  the  Intercolonial 
Ry.  engine  228  (Fig.  16),  which  was  built  in  1899  and  is  fitted  with 
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Fig.  16. — Cleveland's  Locomotive. 

cylinders  invented  by  Mr.  W.  F.  Cleveland.  The  distinguishing  fea- 
ture of  this  cylinder  is  the  central  direct  exhaust,  which  is  independ- 
ent of  the  admission  valve,  and  also  serves  to  aid  the  exhaust  at  the 
end  of  the  stroke  and  gives  a  slight  amount  of  compression,  but  a  very 
much  less  amount  than  is  obtained  by  means  of  the  ordinary  slide  valve. 
The  valve  is  of  the  central  admission  piston  type  and  the  admission 
ports  are  very  short  and  direct,  giving  very  little  clearance  (Fig.  17). 
The  exhaust  passages  from  the  central  exhaust  are  separate  from  the 
end-exhaust  passages.  The  central  exhaust  is  discharged  through  the 
center  of  an  annular  exhaust  nozzle,  and  the  end-exhaust  passage  leads 
to  the  annular  passages  in  the  same  nozzle.  The  central,  being  of  greater 
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volume,  is  supposed  to  have  an  entraining  action  on  the  other  and  to 
assist  it  by  induction. 

It  is  claimed  that  this  feature  makes  the  Cleveland  engine  easier 
running  on  account  of  less  back  pressure  and  cushioning  than  is  ob- 
tained in  engines  of  the  ordinary  type.  The  claim  is  also  made  for  this 
system  of  single  expansion  engine  that  there  is  a  direct  saving  in  quan- 
tity of  steam  used  at  a  given  pressure  to  do  a  given  amount  of  work. 
This,  of  course,  means  less  coal  consumption  and  other  advantages, 
owing  principally  to  the  rapid  exhaust  keeping  the  temperature  above 


Fio.  17. — Cleveland's  Locomotive  Cylinders. 

that  of  other  simple  engines,  thus  allowing  a  greater  range  of  expansion 
and  a  greater  mean  effective  pressure  on  account  of  less  back  pressure 
due  to  the  rapidity  of  the  exhaust. 

It  will  also  be  noticed  that  the  space  between  the  piston  heads  (Fig.17) 
will  always  be  filled  with  steam  at  nearly  the  initial  exhaust  temperature, 
and  this  is  supposed  to  keep  the  walls  of  the  cylinder  in  a  more  favora- 
ble condition  than  is  the  case  with  the  ordinary  cylinder.  This  was,  I 
believe,  the  second  engine  constructed  on  this  system,  both  of  which  are 
on  the  Intercolonial  Ry.,  and  the  responsible  officers  of  that  railway  are 
so  well  pleased  with  the  service  they  have  done  that  they  have  since 
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ordered  more  engines  of  the  same  type.  The  particulars  of  engine  228 
are  as  follows :  Gauge  of  road,  4'  8£".  Consolidation  locomotive  with 
Cleveland  cylinders.  Boiler  66"  diameter;  working  steam  pressure, 
200  pounds  per  square  inch.  Fire-box  1144"  l°ng>  41J"  wide,  average 
depth  64",  burning  soft  coal  of  medium  quality ;  236  tubes,  2 \"  diame- 
ter X  14'  0"  long,  making  1934.6  square  feet  in  tubes  and  161.1  square 
feet  in  fire-box,  or  a  total  heating  surface  of  2095.7  square  feet.  Grate 
area,  32.7  square  feet,  or  a  ratio  of  64  : 1.  Wheel  base,  driving  15' 
3";  total  25'  9|",  and  is  calculated  to  pass  curves  of  200  feet  radius  with 
the  rails  spread  1"  wider  than  gage.  Cylinders  21"  diameter,  28"  stroke, 
steam  ports  19"  X  IV-  Exhaust  ports  19"  X  If"  auxiliary  and  56"  X 
J"  main.  Valve  13"  diameter,  piston  type,  7"  travel,  1£"  admission  lap, 
¥  exhaust  lap;  no  lead.  Driving  wheels  56" diameter,  journals  8"  X 
12".  Weight  on  drivers,  147,000  pounds;  on  truck,  21,900  pounds; 
total,  168,900  pounds. 

Fig.  18  shows  a  six-coupled  locomotive  for  the  Cauca  Ry.,  U.  S.  of 
Colombia.  I  cannot  do  better  than  quote  from  the  description  pub- 
lished by  Burnham,  Williams  &  Co.  to  describe  this  engine. 

"The  above  locomotive  is  designed  to  meet  the  following  require- 
ments. The  road  is  of  3-foot  gauge  with  heavy  grades  and  short  curves. 
There  are  no  turn-tables  on  the  line,  so  that  the  locomotive  must  run  in 
either  direction.  The  required  hauling  capacity  necessitated  the  maxi- 
mum weight  per  axle,  allowable  for  the  light-rail  section  in  use.  In 
order  to  maintain  this  hauling  capacity  without  overloading  the  rails, 
the  adhesion  must  be  kept  constant,  and  no  fluctuation  allowed,  such  as 
would  be  occasioned  by  carrying  the  water  and  fuel  on  the  driving 
wheels. 

"  It  was  stipulated  that  the  tank  capacity  should  be  1000  gallons  of 
water,  with  allowance  for  about  one  cord  of  wood.  In  order  to  meet 
these  requirements  in  a  locomotive  with  a  tank  supported  on  the  engine 
frame  over  a  trailing  truck,  it  would  be  necessary  to  contract  to  the 
utmost  the  space  devoted  to  the  operators,  and  even  then  the  wheel 
base  would  be  of  such  a  length  as  to  make  it  difficult  to  operate  the 
locomotive  on  the  curves.  It  was  therefore  decided  to  make  the  driv- 
ing wheel  base  as  short  as  would  be  consistent  with  the  proper  construc- 
tion of  the  locomotive,  placing  a  center-bearing  two-wheel  truck  under 
the  rear  frames  back  of  the  fire-box ;  this  truck  to  act  also  as  a  support 
for  the  front  end  of  the  tank  frame,  an  ordinary  side-bearing  four-wheel 
truck  being  introduced  to  earn'  the  majority  of  the  weight  of  the  tank. 
By  referring  to  Figs.  19  and  20  the  construction  can  be  easily  noted. 
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Two  strong  braces,  B  B,  are  secured  to  the  rear  ends  of  the  main  frame 
and  extend  across  in  front  of  the  fire-box,  these  being  connected  at  their 
outer  extremities  to  the  slab  frame,  C  C.  These  frames  extend  back- 
ward along  the  sides  of  the  fire-box  and  support  the  foot-board  and  cab. 
Suitable  cross-braces  are  placed  at  the  rear  of  the  boiler,  terminating  in 
bumpers,  F  F.  A  two-wheel  or  "  pony  truck,"  pivoted  at  E,  supports 
this  portion  of  the  locomotive.  By  this  arrangement  a  total  wheel-base 
of  13'  4"  is  obtained  for  the  engine  alone. 

"  The  tank  is  of  the  ordinary  U  shape  supported  on  a  channel  iron 
frame,  the  middle  members,  D  D,  of  this  frame  extend  forward  and  are 
secured  to  the  center-pin,  E,  of  the  engine  truck.  A  four-wheel  side- 
bearing  truck  carries  the  tank  frame  and  is  pivoted  at  H.  The  tank  is 
coupled  close,  and  the  rear  of  the  cab  is  made  octagonal  in  form  to  allow 
for  the  lateral  motion  of  the  tender  in  passing  the  curves.  The  tender 
frame  is  free  to  turn  about  the  engine-truck  center-pin  E}  and  the  four- 
wheel  truck  swivels  about  its  center  H.  Allowance  is  also  made  for  the 
rise  and  fall  of  the  tender  truck  due  to  the  unevenness  of  the  road  bed, 
thus  giving  the  utmost  flexibility  and  capacity  of  adaptation  to  vertical 
and  horizontal  inequalities  of  the  road.  A  large  proportion  of  the 
weight  of  the  engine  is  carried  on  the  driving  wheels,  and  is  thus  utilized 
for  adhesion.  Ample  space  is  provided  at  the  back  of  the  boiler  for  the 
accommodation  of  the  engineer  and  fireman. 

"  This  locomotive  has  the  advantage  over  one  with  a  four-wheel  ten- 
der, in  that  while  it  is  fully  as  flexible  it  is  much  steadier  and  better 
adapted  to  running  backward." 

Locomotive  was  built  from  design  by  M.  N.  Forney,  M.E.  Grades, 
4  per  cent. ;  curves,  200  feet  radius.  Rails  30  and  40  pounds  per  yard. 
Speed  19  miles  per  hour.  Estimated  to  haul  60  to  70  tons  of  2000 
pounds  at  9  to  10  miles  per  hour  up  a  straight  grade  of  4  per  cent.,  f ac- 
tional resistance  not  exceeding  10  pounds  per  ton.  Cylinders,  12* 
diameter,  16"  stroke.  Boiler,  40"  diameter;  working  pressure,  160 
pounds.  Fire-box,  36T3/  long,  36"  wide.  Tubes  112,  If"  diameter,  10' 
0"  long.  Heating  surface:  fire-box,  45  square  feet;  tubes,  507  square 
feet;  total,  552  square  feet.  Grade  area,  9  square  feet.  Ratio  of 
heating  to  grate  surface,  61£  :  1.  Driving  wheels  33"  diameter. 
Truck  wheels  24"  diameter.  Wheel  base,  driving  6'  3";  total  engine, 
13'  4";  total  engine  and  tender,  22'  7".  Weight  in  working  order  on 
drivers,  41,000  pounds.  Total  engine,  46,000  pounds;  total  engine  and 
tender,  66,000  pounds.     Tank  1000  gallons  capacity. 

In  1880  there  was  built  an  experimental  "single"  locomotive  for  the 
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Philadelphia  and  Reading  R.  R.  Co.  (Fig.  21),  but  which,  not  meeting 
their  requirements,  was  sold  to  the  Eames  Vacuum  Brake  Co.  and 
used  by  them  for  the  purpose  of  exhibiting  the  vacuum  brake  to  rail- 
road companies.  They  sent  it  to  England  in  the  effort  to  do  business 
there ;  but  not  meeting  with  success,  the  locomotive  was  sold  there  and 
broken  up. 

The  principal  dimensions  of  this  locomotive  were  as  follows :  Boiler 
52"  diameter;  to  carry  130  pounds  per  square  inch  working  pressure. 
Fire-box  96^"  long,  84"  wide,  or 56  square  feet  of  grate,  1384  square  feet 
heating  surface;  a  ratio  of  24.9  : 1.  Wheel  base,  rigid  8'  0".  Total, 
21'  1".  Cylinder  18"  diameter,  24"  stroke,  Allen  valves.  Drivers  78" 
diameter.  Trailing  wheels  45"  diameter.  Driver  journals  8"  diameter 
X  9 J"  long.     Trailing  journals  7£"  diameter  X  8"  long.     Truck  wheels 


Fig.  21. — "Singlb"  Locomotive,  1880. 

36"  diameter.  Engine  truck  journals  5"  diameter,  8"  long.  This 
engine  was  provided  with  a  traction-increasing  device,  the  equalizing 
beam  between  the  driving  and  trailing  wheels  being  provided  with  an 
adjustable  fulcrum,  worked  by  a  steam  cylinder  attached  under  the 
boiler.  A  device  somewhat  similar  in  principle,  but  differing  in  detail, 
has  been  applied  to  a  heavy  Atlantic  type  locomotive  on  the  New  York 
Central  and  Hudson  River  R.  R.,  which  has  been  put  in  sendee  within 
a  year.  This  locomotive  in  some  respects  was  a  forerunner  of  several 
notable  types  that  have  been  built  in  recent  years,  as  the  Columbia, 
Atlantic,  Prairie,  and  "  Single"  types  now  doing  good  service  on  various 
railroads,  the  distinctive  feature  of  which  is  the  use  of  a  trailing  wheel 
of  comparatively  small  diameter  under  the  fire-box,  thus  permitting  the 
use  of  a  wide  grate  with  sufficient  space  from  the  surface  of  the  fire  to 
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the  lower  tubes,  and  also  permitting  the  use  of  as  large  an  area  as  is 
needed  without  making  the  grate  so  extraordinarily  long  that  it  is  diffi- 
cult for  a  man  to  work  the  fire  and  throw  coal  to  the  further  end  of  the 
fire-box.  This  use  of  a  trailing  wheel  also  aids  to  keep  the  height  of  the 
boiler  above  the  rails  within  reasonable  limits. 

This  brings  us  to  a  consideration  of  the  Columbia  type,  of  which  an 


Fig.  22. — Philadelphia  and  Reading  R.  R.  Columbia  Type. 

example  is  shown  in  Fig.  22.  Eleven  locomotives  of  this  type  were  built 
for  the  Philadelphia  and  Reading  R.  R.  from  December,  1891,  to  April, 
1893,  one  of  which  was  exhibited  at  the  World's  Fair  at  Chicago  in  1893. 
This  type  was  named  the  "  Columbia,"  from  another  engine  similar 


Fig.  23. — Locomotive  "Coli'mhia." 

to  the  Philadelphia  and  Reading  built  for  the  exhibition,  but  with  a 
narrow  fire-box,  which  was  named  the  "  Columbia "  (Fig.  23).  The 
dimensions  of  the  Philadelphia  and  Reading  engines  are :  Total  weight 
in  working  order,  129,700  pounds;  on  driving  wheels,  82,700  pounds. 
Total  wheel  base,  23'  4".  Driving  wheel  base,  6'  10".  Diameter  of 
cylinder,  13"  H.  P.  and  22"  L.  P.     Stroke,  24"  Vauclain  type.     Diame- 
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ter  of  driving  wheels,  78";  diameter  of  truck  and  trailing  wheels,  48". 
Boiler,  57£"  diameter;  working  steam  pressure,  180  pounds  per  square 
inch;  324  tubes,  1£"  diameter,  10  feet  long.  Fire-box  9'  6"  long,  8  feet 
wide,  or  76  square  feet  grate  surface.  Heating  surface,  in  fire-box  and 
combustion  chamber,  173  square  feet;  in  tubes,  1262  square  feet;  total, 
1435  square  feet.  Mr.  L.  B.  Paxson,  then  superintendent  of  motive 
power  of  the  Philadelphia  and  Reading  R.  R.,  thinking  a  "single" 
driver  locomotive  would  be  efficient  for  high-speed  service,  altered  one 
of  these  engines  into  a  single  engine  by  taking  off  the  side  rods  and  sub- 
stituting weights  in  their  place,  and  obtained  such  good  results  as  led  to 
the  building  of  a  type  of  locomotive  which  is  very  unusual  in  the  United 
States,  although  frequently  met  with  in  England,  having  a  single  pair  of 
drivers,  or,  as  they  have  been  popularly  named  on  the  Philadelphia  and 
Reading  R.  R.,  "the  bicycle  engines/'  of  which  two  have  been  built  for 
the  above-named  road  (Fig.  24).  These  were  designed  to  take  a  train  at 


Fig.  24. — Compoinh  "Sinw.k"  Locomotivk. 

high  speeds,  and  each  one  has  run  several  miles  in  forty-five  seconds,  or 
at  the  rate  of  80  miles  per  hour,  with  four  vestibuled  cars  on  the  Bound 
Brook  R.  R.  going  from  Philadelphia  to  Jersey  City,  and  has  hauled 
eight  cars,  four  of  which  were  12- wheeled,  from  Jersey  City  to  Philadel- 
phia (the  usual  train  is  three  or  four  cars).  The  single  pair  of  drivers 
are  84"  diameter;  trailing  wheels,  54"  diameter;  truck  wheels,  36" 
diameter.  Weight  on  drivers,  48,000  pounds;  on  trailers,  28,000 
pounds;  total,  115,000  pounds.  Boiler,  58}"  diameter;  carries  200 
pounds  steam  pressure.  Fire-box  9£'  long,  8'  wide,  or  76  square  feet  of 
grate  surface.  Heating  surface  in  fire-box,  139  square  feet.  There  are 
373  1J"  diameter  tubes,  10'  3"  long,  with  1489  square  feet;  there  is  also 
a  combustion  chamber  with  45.5  square  feet,  or  a  total  heating  surface 
of  1673.5  square  feet.  Cylinders  of  the  Vauclain  compound  type,  13" 
diameter  H.  P.,  22"  diameter  L.  P.,  26"  stroke. 

The  type  shown  by  engine  1027  (Fig.  25)  was  built  in  1895.     These 
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were  placed  in  service  on  the  Philadelphia  and  Atlantic  City  R.  R.,  and 
soon  made  a  very  good  record  for  themselves.  These,  however,  were  not 
the  first  locomotives  of  this  type,  as  some  engines  had  shortly  before 
been  built  for  the  Atlantic  Coast  of  this  type,  but  with  narrow  fire-boxes 
(Fig.  26).  The  Philadelphia  and  Reading  engines  have  boilers  58f* 
diameter,  carry  200  pounds  per  square  inch  working  pressure;  fire-box 
9'  6"  long,  8'  wide,  or  76  square  feet  grate  surface;  have  136.4  square 


Fio.  25. — Philadelphia  and  Atlantic  City  Locomotivk  1027. 

feet  heating  surface,  53.8  square  feet  in  a  combustion  chamber  4'  long 
and  1644.9  square  feet  in  278  1  \"  diameter  tubes,  which  are  13'  0*  long, 
or  a  total  of  1835.1  square  feet  of  heating  surface.  Wheel  base,  rigid 
14'  6",  driving  7'  3";  total,  26'  T  to  pass  minimum  curves  of  250  feet 
radius.     Weight  on  drivers,  78,600  pounds;  total,  142,900  pounds. 


Fio.  2fi. — Atlantic  Coast  Line  Locomotivk. 

Another  locomotive,  built  experimentally,  at  the  instance  of  Mr.  L.  B. 
Paxson,  for  the  Philadelphia  and  Reading  R.  R.,  was  a  double-ender  six- 
wheel  coupled  locomotive  (Fig.  27),  designed  for  suburban  service,  with 
the  idea  that  it  could  be  run  either  end  forward  and  avoid  the  delay  inci- 
dent to  going  on  the  turn-table  at  each  end  of  the  run,  and  with  fuel  and 
water  capacity  enough  to  need  replenishing  at  each  alternate  trip  only, 
the  time  thus  saved  in  handling  the  engine  at  terminals  to  be  used  in 
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accelerating  the  train  service.  This  engine  was  built  in  1892,  but  in 
actual  service  proved  so  hard  on  the  road,  owing  to  the  long  wheel  base 
and  the  sharp  curves  on  the  Chestnut  Hill  branch,  that  it  was  with- 
drawn from  that  service  and  used  for  general  switching  for  a  time,  and 
when  the  time  came  to  be  overhauled  it  was  altered  by  removing  the 
tank,  and  rear  truck  and  substituting  a  tender,  thus  converting  it  into 
an  ordinary  "  Mogul' '  locomotive.  Six  locomotives  of  the  same  type, 
but  with  simple  cylinders  and  narrow  fire-boxes,  were  built  for  the  C. 
R.  I.  &  P.  R.  R.  for  the  World's  Fair  traffic  to  and  from  Chicago. 

The  dimensions  of  623  were  as  follows:  Weight  on  drivers,  90,600 
pounds;  on  front  truck,  17,600  pounds;  on  the  rear  truck,  45,300 


Fio.  27. — Philadelphia  and  Rrading  R.  R.  Locomotive  623. 

pounds;  total  weight,  153,500  pounds.  Boiler,  60"  diameter;  work- 
ing pressure  175  pounds  per  square  inch.  Fire-box  9'  6"  long,  6'  8" 
wide,  or  63.4  square  feet  grate  surface;  321  1£"  tubes,  9'  0*  long,  giving 
1124  square  feet;  combustion  chamber  36"  long,  giving  40  square  feet; 
fire-box  121  square  feet ;  total  heating  surface,  1285  square  feet.  Ratio 
heating  to  grate  surface,  20.27  : 1.  Wheel  base,  driving,  11'  0".  Total, 
35'  0".  Cylinders,  12"  H.  P.,  20"  L.  P.,  stroke  24".  Drivers,  61  f* 
diameter.  Journals,  7"  X  10".  Truck  wheels,  29f"  diameter.  F. 
5  X  8,  B.  4£  X  8.     Tank,  2000  gallons  capacity. 

Early  in  1892  there  was  built  for  the  Sinnemahoning  Valley  R.  R., 
Pa.,  a  locomotive  with  two  complete  sets  of  engines,  as  will  be  seen  from 
Fig.  28.      Each  pair  of  engines  was  built  complete  in  itself  as  re- 
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gards  wheels,  cylinders,  and  framing,  and  was  provided  with  a  center 
bearing  on  which  the  main  frame  rested  in  a  similar  way  to  which  a  car 
body  rests  on  its  trucks.  The  boiler  was  mounted  on  this  framing  and 
a  900-gallon  tank  placed  back  of  it  in  a  similar  position  to  an  ordinary 
tender,  and  on  each  side  of  the  boiler  was  placed  a  rectangular  tank  of 
800  gallons  capacity,  making  a  total  capacity  of  2500  gallons.  The 
steam  and  exhaust  pipes  were  connected  to  jacketed  mains,  along- 
side the  main  frame,  and  the  connection  to  the  cylinders  was  made 
by  "Moran"  flexible  joints,  which  are  made  of  cast  iron,  in  shape  of  a 


Fig.  28. — Sinn  km  a  honing  Valley  R.  R.  Co.'s  Locomotive  3. 

ball-and-socket,  with  provision  for  setting  up  the  ball  in  the  socket 
against  the  pressure  of  the  steam. 

The  conditions  which  led  to  the  construction  of  this  locomotive  were 
a  railroad  with  a  grade  of  575  feet  per  mile,  or  10.89  per  cent.,  with  cur- 
vatures of  40  degrees,  or  about  143  feet  radius.  The  track  was  laid  on 
stringers,  which  in  turn  rested  between  crossties  about  20  feet  apart, 
the  stringers  being  made  of  rough  logs.  There  was  allowed  a  maxi- 
mum weight  per  pair  of  stringers  of  35  to  40  tons,  and  in  order  to  get  a 
heavier  locomotive  than  40  tons  a  wheel  base  of  over  20  feet  was  neces- 
sary in  order  to  avoid  overloading  the  stringers.  By  the  plan  adopted 
a  flexible  wheel  base  of  27'  6"  was  obtained,  which  enabled  the  curves 
to  be  easily  passed,  while  the  rigid  wheel  base  was  only  7'  6*.  The  total 
weight  was  150,000  pounds/with  72,000  pounds  on  the  front  and  78,000 
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pounds  on  the  back  truck.  The  effort  to  distribute  the  weight  equally 
was  the  reason  for  placing  three  tanks  on  the  main  frame,  as  described 
above.  The  boiler  was  50"  diameter  with  167  2"  tubes  12  feet  long,  giv- 
ing 1042  square  feet  of  heating  surface;  fire-box  66"  long,  471"  wide, 
average  depth  of  50  inches,  giving  heating  surface  of  77  square  feet,  or 
total  heating  surface  1119  square  feet.  Grate  area,  21.7  square  feet ;  or 
a  ratio  of  51.6  : 1.  Cylinders  9£"  diameter  high  pressure,  16"  diameter 
low  pressure,  18"  stroke;  7"  piston  valves,  Vauclain  type.  Driving 
wheels  40"  diameter.  Journals,  5J"  X  7".  Steam-brakes  on  all  wheels. 
After  running  for  some  time  this  locomotive  was  brought  back  to  the 
works  and  broken  up.  The  engines  were  converted  into  models  show- 
ing the  Vauclain  system,  and  sent,  one  to  Purdue  University  and  the 
other  to  Columbia  Universitv.     The  boiler  was  used  to  build  a  switch- 


Fio.  29. — Drpi.KX   Lo<omotive. 

ing  engine,  which  has  given  its  owners  such  good  satisfaction  that  they 
recently  asked  for  a  bid  on  another  one  like  it. 

The  principal  or  chief  point  of  trouble  with  this  engine  was  the  flexi- 
ble or  "Moran"  joints,  which,  being  cast-iron  hollow  spheres,  would 
bind  so  tight  at  times  that  the  fastening  of  the  fixed  ends  of  the  pipes 
would  be  broken. 

The  duplex  locomotive  (Fig.  29)  was  designed  with  a  view  of  meet- 
ing the  same  conditions  of  traffic  as  are  now  performed  by  the  well- 
known  Mallet  articulated  locomotives,  the  Meyer  "  Double  Bogie"  loco- 
motives, and  the  Fairlie  locomotives.  The  object  in  view  was  to  obtain 
simplicity  of  construction,  cheapen  the  first  cost  or  selling  price,  and  at 
the  same  time  obtain  maximum  efficiency. 

It  will  be  observed  that  the  locomotive  is  composed  of  two  separate 
and  exactly  similar  engines  connected  end  to  end  at  the  fire-box  or  back 
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bumper.  The  medium  is  merely  the  ordinary  draw-bar  connection 
commonly  used  between  engines  and  tenders,  except  that  it  is  made  of 
great  strength  compared  to  the  work  required  of  it  (Fig.  30). 

The  holes  have  clearance  space  next  the  draw  pins  to  permit  the 
strains  to  pass  through  the  buffers  when  the  engine  is  used  as  a  pusher, 
and  small  bearing  strips  are  provided,  as  shown  by  accompanying  illus- 
tration, immediately  above  the  bar  to  prevent  unusual  tipping  of  the 
engines  at  their  point  of  connection. 

The  throttle  rigging  is  arranged  to  enable  the  engineer  to  control 
both  engines  from  one  position. 


Fig.  30. — Detail  of  Draw-bar. 

Referring  to  the  illustrations  Figs.  31  and  32,  it  will  be  observed 
that  the  throttle  levers  are  made  of  the  crank  pattern,  opening  as  they 
are  pulled  to  the  right  or  toward  the  engineer.  Two  levers  are  pro- 
vided for  each  engine.  One  is  fast  to  the  throttle  rod  of  its  engine,  and 
the  other  is  connected  across  to  the  other  engine  by  various  rods  and 
other  mechanism,  so  adjusted  that  the  position  of  the  lever  or  the  length 
of  its  connections  is  not  materially  altered,  no  matter  what  position  the 
engines  may  assume  on  the  track  in  relation  to  each  other.  With  this 
arrangement  the  two  levers  may  be  used  separately  by  the  engineer,  or 
they  may  be  locked  together  and  used  as  a  single  lever,  opening  or  clos- 


Digitized  by  CjOOQIC 


Eddowes — Some  Unusual  Locomotives* 


309 


ing  the  throttles  of  both  engines  simultaneously,  thus  giving  the  engi- 
neer perfect  control  of  both  engines  while  looking  in  the  direction  in 
which  the  locomotive  is  moving. 

The  reversing  mechanism,  as  shown  in  Figs.  31  and  32,  has  also 
been  arranged  in  duplicate;  that  is,  one  lever  on  each  engine  always 
coupled  to  the  lever  of  the  other  engine.     Unlike  the  throttle,  they  can- 


Fig.  31. — Detail  of  Throttle  Levers. 

not  be  handled  separately,  provision  being  made  to  hold  up  the  latch  of 
the  lever  on  the  rear  or  unattended  engine,  so  that  it  can  be  operated  by 
the  lever  of  the  other  engine  as  shown.  The  connecting  device  between 
the  two  engines  for  the  reverse  levers  is  so  arranged  as  to  be  centrally 
parallel  with  and  below  the  draw-bar,  and  of  exactly  the  same  length. 
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By  this  means  the  action  is  positive  and  the  valve  gear  is  not  affected 
by  the  curving  of  the  locomotive. 

Protection  for  the  engine  crew  is  provided  for  in  the  regular  manner, 
by  placing  a  cab  on  the  back  end  of  each  engine  and  providing  a  cover- 
ing over  their  roofs  where  they  join  to  prevent  entrance  of  rain,  and 
covering  the  connection  of  their  floors  by  a  sheet  of  iron.  In  case  of 
necessity,  the  sides  can  be  connected  by  a  closed  connection  similar  to 
car  vestibules. 

The  fuel  is  carried  on  the  left  side  of  each  engine,  and  if  the  fuel  is 
wood,  it  can  be  arranged  as  shown,  but  if  coal  is  used,  the  water  capac- 
ity can  be  increased  and  sufficient  fuel  carried  in  suitable  bunkers 
placed  ahead  of  back  end  of  boiler  on  left  side  of  each  engine. 

It  is  sometimes  desirable  to  use  such  a  locomotive  when  the  traffic  is 
heavy,  the  grades  and  curves  severe,  and  the  line  difficult  to  operate; 
but  after  improvements  in  the  track  and  roadbed,  such  a  locomotive 
may  become  undesirable.  With  any  of  the  types  heretofore  used,  a 
change  of  type  is  impossible,  but  with  this  locomotive  by  merely  re- 
moving the  draw-bar  pins  and  connections  between  throttle  levers  and 
reverse  levers,  two  separate  locomotives  are  at  once  obtained,  either  of 
which  can  be  operated  independently  as  a  shunter,  or,  if  provided  with  a 
tender,  at  small  cost  can  be  converted  into  a  road  locomotive. 

In  the  duplex  locomotive  there  are  no  flexible  steam-pipe  joints  to 
be  taken  care  of;  the  path  of  the  steam  is  as  direct  as  in  the  ordinary 
locomotives,  and  not  subject  to  the  same  conditions  as  in  other  types, 
thus  avoiding  much  condensation  and  loss  of  fuel. 

Outside  steam  pipes  and  outside  throttles  are  avoided. 

Owing  to  the  flexibility  of  the  connection  there  is  less  resistance  to 
curvature  than  in  any  other  of  the  three  types  mentioned.  The  Meyer 
and  Fairlie  locomotives  with  their  double  trucks,  and  the  Mallet  loco- 
motive with  one  rigid  and  one  hinged  framing,  do  not  give  equal  flexi- 
bility on  curves.     The  description  of  these  engines  is  as  follows : 

Boilers,  46"  diameter;  working  steam  pressure,  200  pounds  per 
square  inch.  Fire-box  5311"  long,  34f "  wide,  or  12.8  square  feet  grate 
surface.  Tubes  136,  2"  diameter,  12'  9"  long,  or  902  square  feet,  added 
to  74"  in  fire-box,  gives  a  total  heating  surface  of  976  square  feet.  Ratio 
of  heating  to  grate  surface,  75  : 1.  Wheel  base  each  engine,  9'  9"; 
total  wheel  base  when  coupled,  38'  4".  Weight  of  one  engine  under 
steam  is  80,700  pounds,  or  total  weight  when  coupled  of  161,400  pounds, 
designed  to  haul  125  tons  of  2000  pounds  up  7  per  cent,  grades.  Cylin- 
ders, 11£"  diameter  H.  P.,  19"  diameter  L.  P.,  stroke  20".     Drivers, 
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40"  diameter,  Journals,  6$"  X  8".  Steam-brakes  on  drivers,  West- 
inghouse  air-brake  for  train,  with  Le  Chatelier  brake  on  the  cylinders. 
Tanks  1200  gallons  each.     Fuel  bunkers  190  cubic  feet  each. 

Following  are  the  general  dimensions  of  the  compound  "  Decapod  "  lo- 
comotive built  by  the  Baldwin  Locomotive  Works  for  the  Minneapolis, 
St.  Paul  and  Sault  Ste.  Marie  Railway  Company  (Fig.  33):  Gauge 
4'  8£".  Cylinders:  diameter  (high  pressure),  17";  diameter  (low  pres- 
sure), 28";  stroke,  32";  valve,  balanced  piston.  Boiler:  diameter,  68" ; 
thickness  of  sheets,  \\"  and  $";  working  pressure,  215  pounds;  fuel, 
soft  coal.  Fire-box:  material,  steel;  length,  131^£";  width,  41£"; 
depth,  front,  77jj";  depth,  back,  76".  Tubes:  number,  344;  diameter, 
2";  length,  15'  7".  Heating  surface:  fire-box,  223.9  square  feet;  tubes, 
2791 .8  square  feet ;  total,  3015.7  square  feet ;  grate  area,  37.5  square  feet. 
Driving  wheels :  diameter  outside,  55" ;  diameter  of  center,  48";  journals, 


Fig.  33. — Soo  Line  Decai»od  Locomotive. 

main,  9£"  X  12";  journals,  others,  8£"  X  12".  Engine  truck  wheels: 
diameter,  30";  journals,  6"  X  10".  Wheel  base:  driving,  19'  4";  total 
engine,  28'  0";  total  engine  and  tender,  57'  4".  Weight:  on  drivers, 
184,360  pounds;  on  truck,  22,850  pounds;  total  engine,  207,210 
pounds;  total  engine  and  tender,  327,000  pounds.  Tender:  Diameter 
of  wheels,  33";  journals,  5£"  X  10";  tank  capacity,  7000  gallons;  tank 
capacity,  9  tons  coal.  Service :  Guaranteed  to  haul  a  train  weighing 
2000  tons  (of  2000  pounds)  exclusive  of  engine  and  tender  up  a  grade  of 
42  feet  per  mile  at  a  speed  of  6  miles  per  hour;  curve  resistance  not 
taken  into  consideration. 

The  general  dimensions  of  the  compound  "Atlantic"  type  locomo- 
tive built  by  the  Baldwin  Locomotive  Works  for  the  Baltimore  and 
Ohio  Railroad  Company  (Fig.  34)  are  as  follows:  Gauge  4'  8£". 
Cylinders:  diameter  (high  pressure),  15";  diameter  (low  pressure), 
25";  stroke,  28";  valve,  balanced  piston.     Boiler:  diameter,  62";  thick- 
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ness  of  sheets,  ffi  and  £";  working  pressure,  200  pounds;  fuel,  soft 
coal.  Fire-box:  material,  steel; length,  101f|";  width,  60 J;  depth, front, 
64*;  depth,  back,  62".  Tubes:  number,  300;  diameter,  2";  length,  16' 
1*.   Heating  surface:  fire-box,  150  square  feet;  tubes,  2513  square  feet; 


Fig.  34. — Baltimore  ani>  Ohio  R.  R.  Atlantic  Type  Passenger  Locomotive. 

total,  2663  square  feet;  grate  area,  42.5  square  feet.  Driving  wheels: 
diameter  outside,  78* ;  diameter  of  center,  72";  journals,  8$"  X  12". 
Engine  truck  wheels:  diameter,  33";  journals,  5£"  X  10".  Trailing 
wheels:  diameter,  48";   journals,   8£"  X  12".     Wheel   base:  driving, 


Fig.  35. — Prairie  Type  Locomotive. 

6'  9";  rigid,  13'  6";  total  engine,  25'  7";  total  engine  and  tender,  52' 
6^".  Weight:  on  drivers,  83,400  pounds;  on  truck,  37,940  pounds;  on 
trailing  wheels,  28,260  pounds;  total  engine,  149,600  pounds;  total 
engine  and  tender,  249,000  pounds.  Tender:  diameter  of  wheels,  36"; 
journals,  5"  X  9";  tank  capacity,  5000  gallons.  Service:  fast  passen- 
ger. 
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Guide  bars  cast  steel,  channel  section.  Piston  heads  malleable  iron, 
designed  so  as  to  save  weight  as  much  as  possible. 

Prairie  type:  Built  this  year,  first  delivery  being  in  April,  for  the 
C.  B.  &  Q.  R.  R.,  whose  mechanical  officers  worked  out  the  first  design, 
and  where  the  first  engine  was  built.  Fifty  ordered,  6  compound 
Vauclain  type  and  44  simple.  Boiler,  56J"  diameter;  working  steam 
pressure,  200  pounds  per  square  inch.  Fire-box  84"  long,  72"  wide,  or 
42  square  feet  grate  surface  and  155.8  square  feet  heating  surface. 
Tubes  272,  2J"  diameter  X  17'  1|£"  long,  giving  2732.7  square  feet. 


r-;zfc/te»&^£feg. 
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Fig.  36.— Prairie  Type  Boiler. 


Total  heat  surface,  2888.5  square  feet.  Wheel  base,  driving  12'  1"; 
total,  28'  0"  simple  and  28'  1"  on  compounds.  Cylinders,  20"  X  24"  on 
simple.  Drivers,  64".  Trailers,  37.  Truck  wheels,  37".  Driving 
journals,  9"  X  10".  Trailing  journals,  6"  X  10",  with  outside  bearings 
6'  6"  centers,  transversely.  The  main  framing  stops  just  in  front  of  the 
fire-box  and  has  bolted  to  it  a  heavy  steel  easting  strongly  ribbed 
and  bracketed,  to  which  the  rear  frames  in  turn  are  bolted,  provid- 
ing supports  for  the  fire-box,  foot-plate,  and  pulling  rigging.  This 
arrangement  gives  an  ample  grate  surface  which  is  of  convenient  pro- 
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portions  for  the  fireman  to  work  at  the  fire.  The  compounds  are  the 
same  as  ]the  simple  engines,  except  for  the  cylinders  and  necessary  at- 
tachments.    Cylinders,  16"  H.  P.,  27"  L.  P.,  24"  stroke. 

Attention  is  directed  to  the  boiler  (Fig.  36) ,  on  account  of  the  method 
used  to  keep  the  length  of  tubes  down,  by  offsetting  the  tube  sheet 
and  throat,  and  also  to  the  decrease  of  weight  at  the  rear  end  by 
sloping  the  back  of  the  fire-box  which,  with  the  increased  width,  due 
to  the  use  of  a  trailer,  are  recent  developments  in  the  design  of  loco- 
motive boilers,  the  use  of  which  may  be  predicted  to  become  more 
popular  in  the  future.  These  unusual  locomotives  are  not  all  that 
might  have  been  shown,  but  are,  with  the  exception  of  the  "single" 
engine  of  1880,  locomotives  that  have  been  built  under  the  observa- 
tion of  the  writer,  and  a  number,  though  not  all,  from  designs 
worked  out  by  him. 

DISCUSSION. 

Carl  Hering. — It  would  be  interesting  to  have  Mr.  Eddowes  explain  how  those 
rack-and-pinion  locomotives  are  made  to  descend  with  a  load,  and  how  the 
enormous  amount  of  energy  that  is  set  free  on  a  very  long,  steep  down  grade  is 
dissipated. 

A.  B.  Eddowes. — In  that  case  they  are  amply  provided  with  brakes.  They 
are  all  provided  with  the  hand  brake,  which  is  operated  by  a  screw,  which  gives 
a  great  deal  of  power  through  an  ordinary  brake  shaft.  In  addition  to  that, 
there  is  also  a  band  brake,  operated  by  power  generated  through  a  steam  cylinder, 
on  the  crank  discs.  There  is  also  what  we  call  a  back-pressure  pipe.  The 
engine,  in  descending,  is  not  reversed ;  that  is,  the  links  are  in  the  position  to  be 
in  in  ascending  a  hill,  and  this  pressure  device  has  an  arrangement  whereby 
the  exhaust  can  be  closed.  There  is  an  air  valve  provided  so  air  can  enter  the 
steam  cylinder  and  be  pumped  back  into  the  back-pressure  pipe.  The  back- 
pressure pipe  on  Pike's  Peak  Railway  can  be  pumped  up  to  a  pressure  of  240 
pounds  per  square  inch,  and  the  engine  would  stop,  there  being  too  much  resist- 
ance, and  it  was  entirely  practicable  to  control  the  engine  by  this  means. 

Edgar  Marburg. — I  should  like  to  ask  Mr.  Eddowes  whether  any  marked 
progress  has  been  made  within  the  last  few  years  in  balancing  the  reciprocating 
parts  and  rotating  parts  jointly,  so  as  to  prevent  hammer-blows  at  high  speeds, 
which  are  so  injurious  to  the  track,  especially  at  culverts  and  bridges. 

Mr.  Eddowes. — There  is  more  care  taken  in  the  mechanical  execution  of  the 
wheel  balance  now.  It  is  very  difficult  to  figure  out  closely  the  balance  weights 
required,  and  they  are  now  checked  up  so  as  to  insure  the  calculated  weight. 
The  balances  are  generally  cast  hollow  and  a  portion  of  lead  put  in  to  balance  to 
a  specified  weight.  The  amount  of  balance  required  is  about  the  same  as  has 
always  been  used,  balancing  two-thirds  of  the  reciprocating  parts  where  it  is 
possible  to  do  it.  In  small  wheels  it  is  not  always  possible  to  fully  balance 
according  to  the  rule. 

Mr.  Marburg. — I  wished  to  ask  whether  any  marked  advance  had  been  made 
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in  the  methods  of  counterbalancing.  Thus,  experiments  some  years  ago  on  a 
captive  engine  run  at  a  speed  of  about  sixty  miles  an  hour  showed  that  the  weight 
on  the  drivers  was  wholly  neutralised  alternately;  that  is,  all  the  weight  on  an 
axle  was  momentarily  borne  on  a  single  driver.  This  was,  of  course,  due  to 
imperfect  counterbalancing.  I  should  like  to  know  whether  the  difficult  problem 
of  counterbalancing  both  the  reciprocating  and  rotating  parts  has  been  more 
satisfactorily  solved  in  recent  practice. 

Mr.  Eddowes. — No,  I  can't  say  there  is  any  very  marked  progress  made, 
except  in  the  high-speed  engines  an  effort  is  made  to  reduce  the  reciprocating 
parts  to  the  minimum.  As  I  spoke  of  the  B.  &  0.,  the  pistons  are  made  of  malle- 
able iron  and  the  rods  bored  hollow.  I  do  not  think  any  special  change  has  be>en 
made  by  which  the  balancing  of  the  locomotive  is  done. 

L.  Y.  Schermerhorn. — While  not  exactly  pertinent  to  the  subject  of  the 
evening,  I  would  like  to  ask  Mr.  Eddowes  whether  it  is  the  locomotive  builder 
or  user  who  objects  to  the  use  of  anthracite  coal. 

Mr.  Eddowes. — I  think  it  would  be  altogether  the  locomotive  user,  principally 
because  anthracite  coal  generally  costs  more  than  bituminous  coal.  I  think 
there  is  no  practical  difference  in  the  cost  of  hard  or  soft  coal  locomotives — not 
more  than  a  few  hundred  dollars  in  a  machine  costing  twelve  or  fifteen  thousand. 

The  President. — Perhaps  the  author  of  the  paper  will  tell  us  something  about 
locomotives  using  liquid  fuel. 

Mr.  Eddowes. — I  might  have  done  so.  The  oil  burner  is  a  very  simple  affair. 
Almost  any  coal-burning  locomotive  could  be  fitted  with  a  device  of  that  character. 

Walter  L.  Webb. — Why  is  it  that  those  engines  have  not  been  used  in  this 
country,  whereas  they  have  been  used  in  Europe? 

Mr.  Eddowes. — It  is  owing  to  the  price  of  oil.  I  did  know  at  one  time  the 
comparative  figure  at  which  it  would  pay  to  burn  oil  compared  with  the  price  of 
coal.  I  think  it  would  be  equivalent  to  coal  at  two  dollars  a  ton  and  oil  at  fifty 
cents  a  barrel.  I  think  it  was  something  in  that  proportion.  The  subject  has 
been  investigated  and  will  probably  be  applied  in  a  very  extensive  manner  in  the 
near  future  owing  to  the  opening  and  development  of  the  new  Texas  oil  fields. 
That  oil  seems  to  be  very  suitable  for  such  uses  as  operating  locomotives.  It 
seems  to  be  somewhat  of  the  character  found  in  southern  Russia,  where  it  is  used 
for  all  kinds  of  locomotives. 

A  Member. — I  would  like  to  ask  Mr.  Eddowes  whether  he  is  familiar  with 
producing  gas  put  up  for  locomotives. 

Mr.  Eddowes. — I  have  not  had  any  experience  with  that  as  yet. 

A  Member. — I  saw  drawings  showing  two  gas  producers  mounted  on  a  car, 
two  gas  engines,  and  the  ordinary  apparatus  which  goes  with  it — lifting  machinery 
for  the  coal,  the  same  as  an  ordinary  gas  plant  on  land.  The  inventor  was  quite 
sanguine.  He  was  a  wealthy  man,  and  his  family  backing  it  up  also  had  large 
means,  and  I  havo  no  doubt  but  that  they  will  put  it  into  practice  some  day. 

Mr.  Eddowes. — I  am  discouraged  as  to  the  use  of  the  gas  engine  for  loco- 
motives. I  think  it  might  be  practical  at  some  time  if  the  development  in 
hydrocarbon  work  continues.  I  understand  hydrocarbon  motor  cars,  built  to 
run  on  common  roads,  approximate  about  fifty  miles  an  hour  with  motors  of  50 
horse-power.  It  would  seem  practical,  especially  where  light  locomotives  are 
required. 
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A  Member. — Some  of  these  plants  are  running  with  fuel  at  only  the  cost  of 
handling,  and  that  comparatively  leaves  quite  a  margin  for  sale.  This  car  with 
the  apparatus,  I  think,  was  designed  to  give  400  horse-power.  Of  course,  you 
can  figure  what  they  would  save. 

Mr.  Eddowes. — Speaking  of  gas  producer  cars,  locomotives  with  wide  fire- 
boxes, which  have  become  quite  common  in  the  last  few  years,  have  done  and 
still  do  burn  the  refuse  from  the  mines,  which  is  of  no  other  use  at  all.  They 
cannot  otherwise  get  rid  of  it,  and  a  great  deal  has  been  burned  up  in  locomotives 
which  are  constructed  to  burn  just  that  kind  of  fuel.  I  would  think  that,  from  a 
practical  standpoint,  the  refuse  could  be  handled  more  economically  in  the 
steam  locomotive  boiler  designed  for  that  class  of  fuel  than  by  the  producer 
process. 
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Business  Meeting,  September  21,  1901. — The  President  in  the  chair.  Fifty- 
two  members  and  seven  visitors  present. 

Announcement  was  made  that  the  Board  of  Directors  had  adopted  and  ordered 
to  be  entered  on  the  minutes  an  expression  of  sorrow  for  the  assassination  of 
William  McKinley,  President  of  the  United  States. 

The  death  of  Brigadier-General  William  Ludlow  (for  several  years  an  active 
member  of  this  Club,  and  its  President  during  the  year  1884)  was  announced. 

Mr.  Percy  H.  Wilson  presented  a  paper  on  "  The  Protection  of  Lowlands 
against  Tidal  Overflow."  The  subject  was  discussed  by  Messrs.  L.  Y.  Schermer- 
horn,  Henry  G.  Morris,  and  others. 

The  Tellers  reported  the  election  of  Messrs.  E.  H.  Mumford,  Edward  L. 
Reynolds,  and  C.  E.  Schermerhorn  to  active  membership,  and  A.  M.  Loudenslager 
to  associate  membership. 

Regular  Meeting,  October  5,  1901. — The  President  in  the  chair.  Forty- 
five  members  and  four  visitors  present. 

Mr.  A.  B.  Eddowes  read  a  paper  on  "Some  Unusual  Locomotives."  The 
subject  was  discussed  by  Messrs.  Carl  Hering,  Edgar  Marburg,  Henry  Leffmann, 
L.  Y.  Schermerhorn,  and  others. 


Digitized  by  CjOOQIC 


Abstract  of  Minnies  of  the  Board  of  Directors.  319 


ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Regular  Meeting,  September  21,   1901. — Present:  The  President,  Vice- 
Presidents   Schermerhorn   and   Smith,    Directors   Christie,    Hewitt,    Comfort, 
Riegner,  and  the  Secretary. 
The  Treasurer's  report  showed : 

Balance,  June  1, $2194.23 

Receipts : 

June, $177.40 

July, 223.50 

August,    54.85  455.75 

$2649.98 
Disbursements : 

June, $328.82 

July, 525.54 

August,    204.40  1057.76 

Balance,  September  1,  1901, $1592.22 

The  Information  and  House  Committees  were  requested  to  jointly  prepare 
a  plan  for  celebrating  the  anniversary  of  the  Club's  foundation  on  the  date  of 
the  second  stated  meeting  in  December. 
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ADDITIONS  TO  GENERAL  LIBRARY. 


From  Theodore  B.  Klein,  Harrisburg    Pa. 
The  Canals  of  Pennsylvania  and  the  System  of  Internal  Improvements,  1901. 

From  Theodore  Cooper,  New  York. 
General  Specifications  for  Steel  Highway  and  Electric  Railway  Bridges  and 
Viaducts,  1901. 

From  Bureau  of  Surveys,  Philadelphia. 
Annual  Report,  1901. 

From  Wm.  L.  Prather,  President,  University  of  Texas,  Austin. 
Bulletin  No.  5.     Texas  Petroleum.     W.  B.  Phillips,  1900. 

From  Harvey  Linton,  City  Engineer,  Altoona,  Pa. 
Municipal  Report,  City  of  Altoona,  1901-2. 

From  Emil  L.  Nuebling,  Reading.  Pa. 
Thirty-sixth  Annual  Report  of  Board  of  Water  Commissioners,  Reading,  Pa., 
1901. 

From  Wilhelm  Braumuller,  Vienna,  Austria. 
Siedek,  Studie  iiber  eine  neue  Formel,  etc.,  des  Wassers  in  Flussen  und  Stromen, 
1901. 

From  Geo.  B.  Hartley,  Philadelphia. 
Details  of  Construction  of  the  Niclausse  Boiler. 

From  Chief  of  Engineers,  U.  S.  Army,  Washington,  D.  C. 
Professional  Papers  No.  28,  Testing  Hydraulic  Cements,  1901. 

From  John  Birkinbine,  Philadelphia. 
The  Production  of  Iron  Ores  in  1900. 
The  Production  of  Manganese  Ores  in  1900. 

From  Commissioner  of  Education,  Washington,  D.  C. 
Report  for  the  year  1899-1900. 
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HEAVY  MACHINERY  A  SPECIALTY 


(oNVEyoRs    ,qpJ§l|g&     Elevators 


'    EWART  DETACHABLE  LINK  BELTING 

LINK-BELT  ENGINEERING  CO. 

Nicetown  Philadelphia        49  Dey  St.  New  York 
Park  Building  Pittsburg 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

1122  Girtirci  Street 

OFFICERS    FOR   1901 


President 
HENRY  LEFFMANX 

Vice-President* 

Term  Expires  January \  1902 
LOUIS  Y.  SCHERMEKHOKN 

Director* 


JAMES  CHRISTIE 


SILAS  G,  COMFORT 


Term  Expires  January,  1903 
EDWIN  F.  SMITH 


Term  Expire*  January,  1902 

CHARLES  HEWITT 

I  January,  1903 

W.  B.  R1EGNER 

targ 
L.  F.  RONDINELLA 

<ttrer 
GEORGE  T.  GWILLIAM 


CHARLES  PIEZ 


M  IN  FORD  LEVIS 


Bf]  ANDING  COMMITTEES  OF  BOARD  OF  DIRECTORS 
Finance— Edwin  F.  Smith,  Minkokd  Levis,  W.  ft,  RlQes 

rship—  CllAKLKS    I'll/      -  MK.KI.    (    ll\KI.l>    H  I  :W  I  II  . 

•'ton — Silas  G.  Comi-out,  L.  Y.  Sciiekmeuiiokn,  CUABZrfH  Pie/.. 
Library— J  ames  Chkistib,  W,   B.    Hips  1  Hiwht. 

Information— Lav  is  Y.  schermerhokx,  James  Christie,  Chari.es  Hewitt. 
/louse— Minkokd  Elvis,  Edwin  F    Smith.  W.  B,   Iin 


COMMITTEES  OF  THE  CLUB 

»eering  Profession  to  the  Public— John  Birkimi 
•■''nb  House— W.   Cnl'F.l  AND  FCRllEK,  I 


Annuni  Mniiny—:\\\  Saturday  of  January,  at  8  i\m. 

Stated  Meeting* — 1st  and  3d  Saturdays  of  each  month,  at  8  P.M.,  except  between  the 

fourteenth  days  of  June  and  September. 
Business  Meeting* — When  required  by  the  Constitution  or  By-Laws,  when  ordered 

by  the  President  or  the  Board  of  Directors  or  on  the  written  request  of  five 

Active  Members  of  the  Club. 
The  Board  of  Directors  meed  at    I  P.M.  an  the  3d  Saturday  of  each  month,  i 

July  and  August. 
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Saylor's  Portland  Cement 


HIGHEST    AWARDS 


at 


Philadelphia 
1876 


** 


<M 


Chicago 
1893 


** 


Guaranteed  the  most  economical   for  making  Artificial   Stone,  excelling  all   others 
for  fineness,  strength,  and  constancy  of  volume 


SAYLOR'S  PORTLAND  CEMENT  has  been  continuously  used  by  the  Engineers' 

Department  of    the  United    States  Government   for 

the  past  twenty-five  years 

EXTRACTS   FROM    LETTERS    ON   FILE 


December  19,  1876. 
u  I  am  well  acquainted  with  '  Payer's  Port- 
laml  Cement,*  having  tested  it  frequently  for 
the  manufacturers,  and  to  some  extent  have 
used  it  upon  the  Government  works  under  my 
charge.  I  have  no  hesitation  in  recommending 
its  use  where  Portland  Cement  Is  required." 

%  Q.    A.   GlLLWORK, 

Brevet  Major-General,  < 


(Signedj, 


May  9,  1883. 
"  In  making  selection  of  a  cement  for  use  in 
the  construction  of  Cement  Jetties,  to  protect 
the  eastern  shore  line  of  Sandy  Hook,  D6I 
fort,  I  desired,  all  other  things  being  equal,  to 
encourage  home  productions.     I  decided  finally 
to  use  your  'Say tor's   Portland    Cement.'     My 
order  covered  fifteen  hundred  or  more  barrels, 
all  of  which  have  proven  of  superior  quality." 
(Signed),        C.  L.  GILLESPIE, 

Major  of  Engineer *,  U.  S.  A. 


January  7,  1898. 
"In    reply    to   yours  of  January  5th,  1893, 
would  say  that  the  '  Savior's  Portlai 

tt    Old    On-hard   Shoal   Light    House,  has 
given  good  satisfaction  test*  were 

made,  as  I  was- well  acquainted  with  its  quality 
from  previou> 

ned),        D.  P.  Heap, 
Major  of  Engine 


January  16, 1899. 
"I  have  to  inform  ynu  thai 
mended  to  thi 

Army,   under  date  of  January 
acceptance  of  your  pr* »| •« .- 
United  States  5000  ban-  is  P 

Cement 

(Signtd),       Fri  Abbot, 

Mtjvr,  Corps  of  I 


rtland 


COMMERCIAL  WOOD  AND  CEMENT  CO. 

SELLING  AGENT 

BroAd  and  Chestnut  Streets    Philadelphia 
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